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Abstract 
 
 Some of the most refractory peridotite samples described in the literature 
comprise clasts up to 15 cm in size, hosted in satellite cones of Ritter Volcano in the 
West Bismarck Arc, Papua New Guinea. Host lavas are MgO-rich (13.9-16.6 wt%), 
mostly non-accumulative picritic tholeiites, representing the most primitive 
magma types in the region. The lava can be divided into two distinct geochemical 
groups: a low-Ti series (TiO2 0.25-0.3 wt%) and a high-TiO2 series (TiO2 0.4-0.45 
wt%). 
 
 This thesis documents the chemical composition and mineralogy of the 
picritic hosts and peridotite suite of Ritter, and compares the latter with a 
peridotite suite from the Tubaf Seamount in the Tabar-Lihir-Tanga-Feni Arc of 
Papua New Guinea. 
 
The Ritter and Tubaf peridotite suites have experienced minimal alteration 
through serpentinisation or chloritisation. Petrologic study reveals however, that 
they have experienced various degrees of melt depletion, host magma infiltration, 
metasomatism, dissolution/re-precipitation and replacement. The sample suite can 
be divided into three broad groups: residues from partial melting, re-equilibrated 
samples and a third category comprising samples from both the ‘residual’ and ‘re-
equilibrated’ categories that have been ‘contaminated’ by secondary melt 
infiltration processes.  
 
Olivine-spinel exchange geothermometric calculations give temperatures of 
~670 to 1140 °C for Ritter, and 755 to 840 °C for Tubaf, consistent with 
entrainment in host lavas from the sub-arc lithosphere. However, the bulk 
compositions, crystalline phase major element compositions coupled with trace 
element geochemical characteristics of these suites reflects a complex petrogenetic 
history, likely established in regions of magma generation in a supra-subduction 
zone, mantle wedge setting. Olivine is highly forsteritic (Fo# 86.8-95.7 for Ritter, 
and Fo# 87-91 for Tubaf), spinel is extremely Cr-rich (Cr# 40.4-89.3 for Ritter, and 
Cr# 45.0-69.1 for Tubaf), CaO in olivine, and Al2O3 in orthopyroxene are 
consistently very low (<0.05 wt% and <2 wt% respectively), and primary 
clinopyroxene is absent. The trace element abundance patterns of primary 
orthopyroxene and secondary clinopyroxene display depletions relative to rare 
earth elements in high field strength elements, consistent with equilibration with 
arc-type magmas.  
 
Olivine-spinel oxygen barometry shows a range from reduced to oxidised 
conditions relative to the fayalite-magnetite-quartz buffer for both Ritter (-1.43 to 
+1.84 log10 units fO2) and Tubaf (-1.26 to +0.86). Evidence from Zn/Fe, V/Sc and 
Mn/Fe systematics suggests that independent of tectono-magmatic setting, the 
source of arc magmas, evidenced by these peridotites, may be indistinguishable in 
terms of oxidation state to that of mid ocean ridge basalts. This study gives a rare 
insight into the nature of the sub-arc mantle and the generation of arc magmas. 
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EMP   Electron Microprobe 
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RV  Research Vessel 
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SHAARC Submarine, Hydrothermally Active Arc 
SHDR  Dredge 
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TAS  Total Alkali and Silica 
TLTF  Tabar-Lihir-Tanga-Feni 
WeBIVE West Bismarck Vents Expedition 
WB  West Bismarck 
WBD  West Bismarck Dredge 
WDS  Wavelength-dispersive 
WR  Whole-rock  
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D  Partition coefficient 
fO2  Oxygen fugacity 
P  Pressure 
T  Temperature 
t  Time or duration 
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Σ  Sum 
 
Abbreviations: 
 
amph  Amphibole 
cat  Cation 
cpx  Clinopyroxene 
Di  Diopside 
En  Enstatite 
Fa  Fayalite 
Fig  Figure 
Fo  Forsterite 
minc  Melt inclusion 
ol  Olivine 
opx  Orthopyroxene 
plag  Plagioclase 
phlog  Phlogopite 
pyx  Pyroxene 
spi  Spinel 
 
 
Conventions: 
 
Cr#  molar Cr3+/(Cr3++Al3+)*100 
Fe#  molar Fe3+/(Fe3++Cr3++Al3+)*100 
FeO*  ‘total Fe’, with all Fe measured in the 2+ cation state 
Fe2O3*  ‘total Fe’, with all Fe measured in the 3+ cation state 
Fo#  molar Mg2+/(Mg2++Fe2+)*100 in olivine 
Mg#  molar Mg2+/(Mg2++Fe2+)*100 
°C  degrees Celsius 
GPa  gigapascal 
Hz  Hertz 
kV  kilovolts 
mJ  millijoule 
mL  millilitre 
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mm  millimetre 
nA  nanoampere 
nm  nanometre 
ppm  concentration in parts per million 
s  second 
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Thesis Outline 
 
i)  Motivation 
 
The mantle wedge is the component of the mantle lying above a subduction 
zone where subducted inputs (and slab derived fluids) are mixed with convecting 
mantle to generate arc magmas (Stern 2002). Volumetrically, it is the most 
significant source of magmas for the majority of island arcs. The “mantle wedge” is 
defined as the convecting asthenosphere that lies below overriding mantle 
lithosphere. The lithosphere-asthenosphere boundary is a physical margin that 
may change with time consequent to thermal changes (Anderson 1995). The 
samples of this study and the depth and environment from which they are derived 
will provide key insights into this region below the West Bismarck and Tabar-
Lihir-Tanga-Feni Arcs. Characterising the source of mantle samples, flux, element 
mobility, and associated lavas is essential for the understanding of tectonic scale 
recycling and the subduction system globally. The samples of this study provide a 
unique window into these complex arc processes. 
 
ii)  Aim 
 
Using a combination of petrography, major and trace element analysis, for 
both host lava and entrained xenoliths, this study aims to constrain melting 
regimes, depletion events, metasomatism, oxygen fugacity and temperature, to 
provide characterisation and insight into the reconstructed sub-arc lithospheric 
architecture from which it is proposed the Ritter and Tubaf xenoliths derive.  
 
iii)  Structure 
 
This thesis has been arranged into chapters for future publication. Each 
chapter represents an independent yet complementary piece of work, containing 
typically: (i) an introduction, (ii) geological setting & background, (iii) samples and 
analytical methods, (iv) results, (v) discussion, (vi) conclusion, and (vii) 
acknowledgements. Structuring of the thesis in this manner has inevitably led to 
repetition of some descriptive text such as geological setting and analytical 
methods but has been avoided where possible. Chapter 1 presents the petrology of 
xenolith-bearing, submarine picrites from Ritter Volcano in the West Bismarck 
Arc, Papua New Guinea. This is a unique suite of lavas with extremely high MgO 
wt% and is the host for the pristine set of xenoliths presented in Chapters 2 and 3. 
Chapter 2 presents the petrography of the peridotite and pyroxenite xenoliths from 
Ritter Volcano in the West Bismarck Arc. This chapter provides important 
petrographical context and sample classifications, essential for the understanding 
of the geochemistry presented in Chapter 3. Chapter 3 presents the major and 
trace element compositions of the peridotite and pyroxenite xenoliths from Ritter 
Volcano, providing a geochemical insight into the mantle below the West Bismarck 
Arc. Chapter 4 presents a comparative petrological study of peridotite xenoliths 
from the Tubaf Seamount, Tabar-Lihir-Tanga-Feni Arc. 
 
 Tables referenced in-text are presented at the end of each chapter to 
maintain the flow of reading, and provide a quick one-stop reference location. Any 
additional large data sets (e.g. major and trace element compositions) are 
presented in the appendices. All oxide wt% data are presented as normalised to 
100% unless specified.  
 
 Appendix A contains whole thin section scans for the Ritter picrites, Ritter 
peridotite and pyroxenite samples, and Tubaf peridotites. Images are presented 
under both plain light and cross-polarised light. Appendix B contains major 
element compositions for the phases in the Ritter picrites. Appendix C contains 
major element compositions for the phases in the Ritter peridotites and 
pyroxenites. Appendix D contains trace element compositions for orthopyroxene 
and clinopyroxene in a sub-sampled suite of Ritter peridotites and pyroxenites. 
Appendix E contains major element compositions for the phases in the Tubaf 
peridotites. Appendix F contains the whole-rock comparative data from the 
literature used in Chapters 1, 3 and 4.  
 
 
  
Chapter 1 
 
Petrology of peridotite & pyroxenite xenolith-
bearing, submarine picrites from Ritter Volcano, 
West Bismarck Arc, Papua New Guinea 
 
 
    Sarlae Ruth Buffett McAlpine 
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1.1  Introduction 
 
The arc magmatism distributed along the southern margin of the South 
Bismarck Microplate provides a window into subducted plate inputs and mantle 
variability over a wide range of subduction-related variables, from post-collision 
uplift, through ongoing subduction, to possible pre-backarc basin rifting west of the 
Manus Spreading Centre (Arculus & Yeats, 2007; Arculus, 2007). The New Britain 
sector of this magmatism is associated with the ongoing subduction of the Solomon 
Sea Plate (Fig. 1), and has some of the most depleted arc tholeiites known to exist 
globally in terms of alkali and rare earth element contents (Arculus, 2007; Basaltic 
Volcanism Study Project, 1981; Arculus & Yeats, 2007; Woodhead et al., 1998). 
Westwards of New Britain, where arc magmatism continues despite the collision of 
the New Guinea portion of the Australian Plate with the South Bismarck Plate, 
there is marked along-strike variation in chemical composition and total volcanic 
output (Johnson, 1977; Woodhead et al., 2010). For example, as a group the West 
Bismarck Arc lavas are enriched in K and derived from an intrinsically more fertile 
mantle wedge source (based on high field strength element abundances) relative to 
those of New Britain (Woodhead et al., 2010). In addition, it appears the degree of 
partial melting of the mantle wedge source diminishes westwards along the Arc, 
presumably in response to the ongoing collision with New Guinea.  
 
Ritter Volcano is located at the eastern end of the West Bismarck sector, 
just 15 km west of the New Britain coast, in the Dampier Strait (Fig. 1.2). 
Discovered in submarine cones associated with this volcano, are rare picrite lavas, 
which are also distinguished by the entrainment of extraordinarily fresh 
peridotites. In this contribution, the focus is on the petrology and geochemistry of 
the picrite suite, with the aim of constraining conditions of magma genesis in the 
mantle wedge below the West Bismarck-New Britain Arc, taking advantage of the 
diminished effects generated by the typical screen of fractionation, mixing, and 
crustal assimilation characteristic of most erupted arc magmas (Gill, 1981; 
Davidson et al., 2005). 
 
The Ritter suite (submarine and subaerial) comprises picrites, basalts, and 
basaltic andesites. Picrites are volcanic rocks with MgO >12 wt%, SiO2 between 30 
and 52 wt%, and total alkalis <3 wt% (Le Bas, 2000). In this study it is addressed if 
whether the Ritter picrite samples are products of crystal accumulation, or truly 
Chapter 1 – Petrology of xenolith-bearing, submarine picrites from Ritter Volcano 
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represent original liquid compositions (Basaltic Volcanism Study Project, 1981). It 
is noted that four other samples with MgO >12 wt% have been recovered from the 
West Bismarck Arc, one from each of Ritter’s island neighbours, Umboi 
(32NG0111) and Sakar (32NG0079), one from Cape Gloucester (32NG0051), and 
one from Boisa (19NG0955C). See Fig. 1.2 for the location of the islands. 
19NG0955C from one of two young cumulodomes at Boisa is a coarse grained 
igneous inclusion within a hornblende-bearing, high-SiO2 andesite. It is reported as 
having a composition consistent with mantle derivation but with low-Ni (135 ppm) 
and there is doubt as to whether it is a true liquid composition (Gust & Johnson, 
1981). 
 
1.2  Geological Setting & Background 
 
1.2.1  The Papua New Guinea Region 
 
The convergent motion of the Pacific Plate relative to the Australian Plate 
dominates the active tectonic régime of Papua New Guinea (Fig. 1.1). Relative 
plate motions are complex due to the presence of three, small, deforming plates 
between the major plates, and because the boundaries of these microplates are the 
sites of subduction zones, rift systems, rapidly slipping transform faults, and a 
major collisional orogeny (Tregoning et al., 1999; Wallace et al., 2004).  
 
Figure 1.1. A tectonic diagram of Ritter and the Papua New Guinea Region. 
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 The consequences of the collision of the Ontong Java Plateau with the 
Solomon Islands and the collision of the Australian Plate with the north arc of New 
Guinea in the late Oligocene to early Miocene, are among the most important 
tectonic events during the last 30 million years (Curtis, 1973; Dow, 1977; Johnson, 
1979; Cooper & Taylor, 1987; Silver et al., 1991; Abers & McCaffrey, 1994). In the 
case of the Australian Plate and New Guinea, collision was oblique and progressed 
south-eastwards along the Ramu-Markham Fault producing progressive thrusting 
and uplift (Jaques & Robinson, 1977; Johnson & Jaques, 1980; Pegler et al., 1995; 
Abbott et al., 1997; Tregoning et al., 1999). The forearc terrane in this system is 
now exposed in New Britain, the Adelbert and Finisterre Ranges and the Huon 
Peninsular (van Ufford & Cloos, 2005). The collision in the southeast of New 
Guinea is believed to be as young as Pliocene and continues today (Silver et al., 
1991; Gill et al., 1993). Convergence of the Australian and Pacific plates has been 
continuous since the early Miocene, and has almost all been accommodated by the 
Solomon Island and Bismarck arc systems (van Ufford & Cloos, 2005). 
 
1.2.2  The Bismarck Arc 
 
The New Britain-West Bismarck Arc overlies the northward subducting 
Solomon Sea Plate at its eastern end, and is juxtaposed with the collided northern 
margin of Papua in the west. Convergence rates diminish westwards from the 
junction of the New Britain and Solomon trenches (Gill, 1981; Wallace et al., 2004; 
Davidson et al., 2005). Quaternary volcanoes are located throughout Papua New 
Guinea (Dow, 1977), but the majority of active volcanoes are in the zone of island 
arcs and shallow seas at the southern margin of the Bismarck Sea (Jaques & 
Robinson, 1977; Johnson, 1982). The volcanoes extend from Rabaul in the east (the 
easternmost volcano on the island of New Britain) to the Schouten Islands in the 
west (Gill et al., 1993), some 500 km farther west than the termination of the New 
Britain Trench (Tiffin et al., 1987). All of the arc volcanoes coincide with a belt of 
intense seismicity (Johnson et al., 1971). Beneath the island of New Britain, 
seismic sections define a steeply northward dipping Wadati-Benioff zone (Curtis, 
1973; Cooper & Taylor, 1987; Lindley, 2006), but in the west, the seismic pattern is 
more complex and the subduction rate slower (Taylor, 1979; Tregoning et al., 2000; 
Wallace et al., 2004). 
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Johnson (1976) recognised the southern margin of the South Bismarck Plate 
is adjacent to the Australian Plate in the west and actively subducting Solomon 
Sea Plate in the east, and proposed a division (east and west of longitude 148°) of 
the arc system be made on the basis of both geography and chemical composition. 
The New Britain Arc has a rapid convergence rate (9-12 cm/yr; Johnson, 1979; 
Taylor, 1979; Basaltic Volcanism Study Project, 1981; Abbott et al., 1994), 
particularly in the east, where it may be as fast as 20 cm/yr (Wallace et al., 2004). 
The volcanoes associated with the arc-trench system overlie a wide range of depths 
to a well-defined Wadati-Benioff Zone (DePaolo & Johnson, 1979). The Wadati-
Benioff Zone beneath New Britain dips northward at 20° until a depth of about 60 
km, then at 70-75° to an eventual depth of 650 km. 
 
 
Figure 1.2. Ritter Island and the West Bismarck Arc. A circle represents a volcano. 
A star represents an active volcano. The active volcanoes depicted (from east to 
west) are Ritter, Long, Karkar, Manam and Bam. Adapted from Johnson (1976). 
 
  The West Bismarck Arc consists of the following volcanoes from the 
western-most Schouten Islands (Bam, Kadovar, Blupblup, Viai, Koil and Vokeo) 
through Manam, Karkar, Bagabag, Long, Umboi, Sakar and Ritter, to the west end 
of New Britain (Langila) (Fig. 1.2). Langila is separated eastward from other New 
Britain volcanoes by a section of inactive arc and shares many geochemical and 
isotopic similarities to other volcanoes of the West Bismarck Arc (Johnson, 1977; 
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8 
are relatively closely spaced along strike at the eastern end, but more widely 
separated at the western end of the arc, the largest gap being between Karkar and 
Manam Islands (120 km). Volcano volumes decrease from east to west (Johnson, 
1976). 
 
 The tectonic setting of the West Bismarck Arc is complex because of the arc-
continent collision that has occurred (Gill et al., 1993). The Solomon Sea oceanic 
crust has been overridden by the collision of the Australian Plate with the South 
Bismarck Sea Plate and the submarine trench destroyed (Abers & McCaffrey, 
1988; Silver et al., 1991; Abbott et al., 1994; Silver et al., 2009). Nonetheless, 
subduction persists westward with a steeply dipping remnant slab of subducted 
lithosphere hanging approximately 100 km beneath the coastal ranges of Papua 
New Guinea and continuous along strike with the New Britain seismic zone to the 
east (Abers & Roecker, 1991). The slab is believed to be providing the requisite 
conditions for magma formation as it slowly sinks and equilibrates with the mantle 
under extremely slow rates of subduction (Jaques & Robinson, 1977; Johnson, 
1982). It is remarkable under these conditions that all of the volcanic centres 
within the West Bismarck Arc (except Vokeo and Viai) can still be considered 
active or dormant (Woodhead et al., 2010). 
 
1.2.3  Ritter Island 
 
Ritter Island is located at 5.52°S, 148.12°E. Before 1888 AD, it was a 
stratovolcano some 1170 m in diameter at sea level, with a summit crater at 780 m 
above sea level (Cooke, 1981; Johnson, 1982). It was steep-sided with an average 
angle >50° at the base (Cooke, 1981), and known for its barren slopes (Johnson, 
1987). Through numerous detailed descriptions of its early eruptions, Ritter was 
once the best-known volcano in the Papua New Guinea Region (Johnson, 1987). It 
was first reported by European explorers (i.e., William Dampier in 1699) violently 
erupting pyroclast flows. At around 0530 hours on March 13, 1888, Ritter 
collapsed, and about 5 km3 of the cone fell violently into the sea (Cooke, 1981; Ward 
& Day, 2003; Silver et al., 2005). This event occurred without warning, little or no 
preceding or accompanying eruptive activity, in a single episode (Cooke, 1981) 
resulting in the largest lateral collapse of a volcanic island in historical time. 
Devastation ensued through formation of 12-15 m high tsunami (the largest 
recorded in Papua New Guinea) which were catastrophic for adjacent inhabited 
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coasts of Sakar and Umboi in the Dampier Strait (Everingham, 1977; Cooke, 1981; 
Johnson et al., 1981; Ward & Day, 2003).  
 
The Ritter debris avalanche included at least a third of the original island 
resulting in the excavation of much of the western submarine flank (Fig. 3). A large 
amphitheatre-shaped depression, identified from a bathymetric survey, formed 
after this rapid, large-scale slope failure. The escarpment on Ritter Island is the 
back-wall of this large amphitheatre (Johnson, 1987; Silver et al., 2005). A very 
large submarine debris field extends northwest of Ritter between the islands of 
Sakar and Umboi (Johnson, 1987; Silver et al., 2005). Silver et al., (2005) utilised 
backscatter and multibeam data to show that blocks from the collapse extend to 35 
km away, with debris up to 70 km distant. The present-day island is a thin, 
arcuate remnant, 1900 m long, 200-300 m wide, and about 140 m high (Fig. 1.3). A 
morphologically young-looking cone is located at the base of the collapse scarp 
(Cone #1; Fig. 1.4) Relatively minor eruptions in 1972, 1974, 2006 and 2007 were 
sourced from this cone. 
 
 
Figure 1.3. Ritter Island (present day). Photo courtesy of R. J. Arculus. 
 
 
1.3  Samples & Analytical Methods 
 
1.3.1  Sample Collection  
 
In July/August 2007, research voyage SS06-2007 (West Bismarck Vents 
Expedition; WeBiVE) of Australia’s Marine National Facility (RV Southern 
Surveyor) revisited terrain explored by previous expeditions (RV Franklin 02-2002, 
and RV Kilo Moana 0419 in 2004) in the submerged portions of the Bismarck Arc. 
A detailed multibeam sonar (30 kHz) swath map of the submarine surrounds of 
Ritter Island identified 5 cones emergent from the debris field generated by the 
collapse of the main edifice (Fig. 1.4). Picrites and peridotite-cored bombs were 
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dredged from 4 of these cones (Table 1.1). The entrained peridotites (and some 
pyroxenites) are remarkably fresh and the focus of the Chapters 2 and 3.  
 
 
Figure 1.4. A multibeam sonar 30 kHz swath map of the environs of Ritter Island. 
Shown is the debris field from the collapse of the main Ritter cone and multiple 
emergent volcanic cones. The dredged cones are labelled, and the are numbers 
assigned in chronological order of dredging. Colour is indicative of depth, and 
ranges from shallow (red) to approximately 1000 m (blue). 
 
1.3.2  Whole-Rock Analysis 
 
Samples were manually split, crushed, and then milled using a RockLabs 
Shatterbox with an alumina swing mill. Effort was made to exclude any obvious 
xenolithic fragments. Approximately 5 g of sample was obtained. The powders were 
fused with a 1:6.37 ratio of sample to flux (“12:22”, 12 parts lithium tetraborate 
and 22 parts lithium metaborate) for major element analysis. A 1:3 ratio of sample 
to “12:22” flux was mixed for trace element analysis to improve detection limits. To 
the sample + flux mixture, 0.5 mL of 20% LiNO3 solution was added to oxidise any 
sulfur present. Samples were dried at 400 °C for 10 minutes in a muffle furnace, 
then transferred to a rocker furnace at 1080 °C for 8 minutes to melt and 
homogenise. After 8 minutes, one pellet of NH4I (anti-wetting agent) was added to 
each crucible and the crucibles left in the furnace for a further 3 min. Discs were 
made by pressing the molten sample on a graphite platten. For trace element 
analysis with laser ablation inductively coupled plasma-mass spectrometry (LA-
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ICP-MS), discs were glued together in batches of 10 and mounted in epoxy resin to 
be cut and polished to expose a cross section of each sample. 
 
The major element composition of whole-rock samples was obtained using 
X-ray fluorescence (XRF) on a Philips (PANalytical) PW2400 spectrometer at the 
Research School of Earth Sciences (RSES), Australian National University (ANU), 
and on a Philips (PANalytical) PW2404 at Geoscience Australia. The elements 
analysed were Na, Mg, Al, Si, P, S, K, Ca, Ti, Mn, Fe, F and Cl. The major and 
minor element calibration is by best fit against a suite of 28 international standard 
rock powders. To obtain a weight percent H2O loss, approximately 2-3 g of powder 
were dried overnight at 110 °C, cooled and re-weighed. The dried samples were 
then ignited at 1100 °C with an overnight step heating/cooling program before a 
final weigh-in to obtain loss on ignition (LOI). LOI was corrected for the oxidation 
of FeO to Fe2O3.  
 
Trace element analysis was undertaken at RSES, ANU using a pulsed 
COMPEX 110 excimer laser with a 193 nm output coupled to an Agilent 7500s 
quadrupole ICP-MS. This ICP-MS allows near-simultaneous analysis of ~40 trace 
elements at detection limits mostly below 0.1 ppm. Spot scan mode was utilised 
with a spot size of 105 µm, a frequency of 5 Hz, and an energy output of 50 mJ. The 
nebuliser gas medium for ablation was He + Ar. NIST 612 was used as primary 
calibration standard and BCR-2G was used as secondary standard. Two analyses of 
the primary standard were made for every 10 unknowns with drift corrections 
applied using a weighted mean of the standard composition. BCR-2G was analysed 
after each standard to assess accuracy and precision. SiO2 was used as the internal 
standard with the composition previously determined by XRF whole-rock major 
element analysis. 
 
1.3.3  Phenocryst & Matrix Analysis  
 
A 35 x 25 mm billet, approximately 10 mm thick, was prepared for each 
sample and a standard polished thin section cut from each. Rock chips were also 
mounted in epoxy for analysis. Silicate crystals and spinel from all thin sections 
and mounts, and representative matrix regions in sample 65-01, were analysed for 
major and minor elements using a Cameca SX100 electron microprobe (EMP) at 
the RSES.  EMP analyses were performed in wavelength-dispersive mode (WDS) 
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under routine conditions. The accelerating voltage was 15 kV and beam current 
was 20 nA with a minimum of 20 s counting time on element peaks. A 1 µm beam 
diameter was used for spot analysis and a 50 µ m beam diameter for matrix 
analyses to obtain an approximation for original melt composition. Core and rim 
analyses as well as line profiles were obtained to check the homogeneity of crystal 
phases. Natural minerals of Kakanui augite, San Carlos olivine and Tiebaghi 
chromite were used as standards. 
 
1.3.4  Melt Inclusion Analysis 
 
Melt inclusions hosted in clinopyroxene phenocrysts were analysed for their 
major element concentrations using a Cameca SX100 wavelength-dispersive 
electron microprobe at the School of Earth Sciences, University of Bristol. Analyses 
were performed with a 2–4 nA, 15 kV defocused beam (≥ 10 mm diameter) and 
reduced counting times for Na to minimise alkali loss during irradiation 
(Humphreys et al., 2006). 
 
1.4  Results 
 
In the following sections, the whole-rock major and minor oxide 
compositions are first presented, noting the particularly important features of the 
Ritter suite, and use internationally agreed criteria for classification purposes. 
Given the potential pitfalls of equating bulk compositions of variably phyric rocks 
with those of melts, next described is the petrography (Table 1.2) of the samples so 
the presentation that follows of trace element abundances, and comparisons with 
other samples regionally (Bismarck Arc), and globally, is in context.  
 
1.4.1 Major & Minor Oxides 
 
Whole-rock major and minor oxide abundances are listed in Table 1.3. The 
sample suite has between ~46.9 to 51.8 wt% SiO2 on a volatile-free basis, placing it 
in the basalt field on a total alkali (Na2O + K2O) vs. SiO2 diagram (Fig. 1.5). 
However, high MgO contents (13.6-16.9 wt%) in combination with total alkalis <3 
wt% qualify the rocks as picrites (Le Bas, 2000). The Ritter picrites plot in the 
medium-K field (K2O 0.58-0.61 wt%) of Gill (1981) and the low-Fe field (FeO*/MgO 
0.50-0.66 wt%) of Arculus (2003) (See Fig. 1.48a and 1.48b in Section 1.5.1). These 
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are low TiO2 rocks (TiO2 <0.5), and in association with their high-MgO contents, 
this makes them akin to boninites (asides from their low SiO2 content). On an AFM 
(Al, Fe, Mg) diagram they plot in the extremely MgO-rich corner and are classified 
as tholeiites. 
 
 
Figure 1.5. Compositions of Ritter samples and samples from other West Bismarck 
Arc localities (data courtesy of R. W. Johnson) plotted in a total alkalis vs. silica 
(TAS) classification diagram (Le Bas et al., 1986). The inset defines the Ritter 
samples, and samples from four other localities in the Bismarck Arc as picrites by 
the IUGS reclassification of high-Mg and picritic volcanic rocks (Le Bas, 2000). 
Dashed line represents the division between alkaline and sub-alkaline 
compositions.  
 
 
 The Ritter picrites of this study plot at relatively low alkali and low SiO2 
compositions compared to the rest of the West Bismarck Arc lavas. All the samples 
represented in Fig. 1.5 plot beneath the alkaline-subalkaline divide, defining them 
as subalkaline, and in Ritter’s case subalkaline tholeiites. On this plot the 
compositional differences between submarine (this study) and subaerial Ritter 
samples (Johnson & Chappell, 1979) are evident. The four subaerial samples are 
basalt (1) and basaltic andesites (3) (MgO 6.7-9.9 wt%; SiO2 51.8-56.2 wt% and 
TiO2 0.51-0.53 wt%). Discussion from now on is restricted to the submarine 
picrites.  
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Despite a generally uniform whole-rock composition, there is some variation 
within the Ritter picrites samples in terms of Ti-content.  
 
There are two distinct groups: a low-Ti series (LTS) with TiO2 between 0.25 
to 0.3 wt% recovered from Cone 1; and a high-TiO2 series (HTS) with TiO2 0.4-0.45 
wt% recovered from cones 2, 3, and 4 (Fig. 1.4). The latter are distinctly enriched in 
Al2O3, Na2O, P2O5, and have generally higher total Fe compared with the former 
(Fig. 1.6). In contrast, the LTS are generally richer in both MgO and SiO2 than the 
HTS; and there is no consistent difference in terms of CaO and K2O between the 
two groups.  
 
1.4.2 Petrography 
 
The dredged samples are porphyritic and micro-porphyritic picrites, some 
containing peridotite micro-xenoliths.  
 
The micro-phenocryst assemblages of olivine, clinopyroxene, orthopyroxene, 
plagioclase and spinel comprise 15-40% of the samples. Sulfide and spinel are often 
present in the matrix and sometimes as mineral inclusions. The groundmass 
ranges from microcrystalline to glassy, but is most commonly microcrystalline or a 
combination of the two. Abundant, apparently primary melt inclusions are 
commonly hosted in clinopyroxene, particularly along distinct compositional zones. 
 
There is significant textural variability between samples despite similar 
whole-rock composition. Petrographically the HTS and LTS are distinct in relation 
to the size of their phenocrysts. The HTS are all micro-phenocrystic, with the 
samples from Ritter Cone #3 (WBD 66) very similar to each other. Samples from 
Cone #1 contain more of a range of textures, particularly in relation to phenocryst 
and matrix grain-size but as a group are more porphyritic than that of the HTS. 
Vesicularity for the whole sample suite ranges between 10 and 40%.  
 
Petrological descriptions, primary mineralogy, total phenocryst percentages, 
matrix descriptions and vesicularity percentages for each sample are summarised 
in Table 1.2 and presented with accompanying thin section scans and select 
photomicrographs in this section below. Except where identified with a scale-bar, 
the images below are scans of a standard petrological thin section 26 x 48 mm. 
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Figure 1.6. Bivariate plots of whole-rock analyses from Ritter. MgO wt% vs. a 
selection of major oxides. Samples are distinguished by TiO2 contents. HTS (blue), 
LTS (pink). 
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64-01 
 
  
Figure 1.7. Whole thin section scans of sample 64-01. a) Plain light b) Cross-
polarised light. 
 
64-01 is a micro-porphyritic picrite with a micro-phenocryst mineralogy of 
olivine, clinopyroxene, orthopyroxene and plagioclase. Euhedral spinel is present 
(Fig. 1.8a) but sulfide is not observed. Phenocrysts make up a 5-15% of the sample 
in conjunction with a microcrystic (microlite) and glass matrix. Vesicularity ranges 
from 10-20%. This sample is derived from Ritter Cone #2 and falls within the HTS. 
This sample contains micro-xenoliths and anhedral olivine with kink banding and 
reacted rims (Fig. 1.8). 
 
  
  
Figure 1.8. Select photomicrographs from sample 64-01. a) Euhedral spinel 
inclusion in olivine. b) Plagioclase phenocryst and a kink banded olivine. c) and d) 
Micro-xenoliths hosted in the picrite. 
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65-01A 
 
  
Figure 1.9. Whole thin section scans of sample 65-01A. a) Plain light b) Cross-
polarised light. 
 
65-01A is a porphyritic picrite with an olivine, clinopyroxene, orthopyroxene 
and plagioclase mineralogy. Phenocrysts form a total of 30-40% of the sample with 
a matrix consisting of plagioclase, pyroxene, olivine and spinel. No glass is 
observed. Vesicularity is approximately 2%. This sample has some smaller (<100 
µm) orthopyroxene found in pyroxene-rich aggregates (+/- olivine) that are possibly 
proto-cumulates or scavenged fragments of cumulates. This sample was derived 
from Ritter Cone #1 and falls within the LTS. 
 
  
  
Figure 1.10. Select photomicrographs from sample 65-01A. a) Euhedral olivine 
with embayments. b) Euhedral clinopyroxene. c) Micro-xenolith. d) Representative 
matrix. 
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65-01D 
 
  
Figure 1.11. Whole thin section scans of sample 65-01D. a) Plain light b) Cross-
polarised light. 
 
65-01D is a porphyritic picrite with a plagioclase, clinopyroxene, 
orthopyroxene and olivine mineralogy. Sulfide and spinel are present. 
Clinopyroxene grains are very large (>600 µm) and subhedral. Phenocrysts make 
up 40-50% of the sample. The mineralogy (particularly the high plagioclase 
content) suggests a more evolved magma. There are no round vesicles but the 
sample is ~40% holes or fractures. This sample is derived from Ritter Cone #1 and 
falls within the HTS. This sample contains olivine with reacted rims (Fig. 1.12).  
 
  
  
Figure 1.12. Select photomicrographs from sample 65-01D. a) Oscillatory zoning in 
plagioclase b) Clinopyroxene with exsolution lamellae and melt inclusions c) Large 
olivine out of equilibrium with the surrounding picrite. d) Zoning in a 
clinopyroxene. 
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65-01E 
 
 
 
Figure 1.13. Whole thin section scans of sample 65-01E. a) Plain light b) Cross-
polarised light. 
 
65-01E is a micro-porphyritic picrite with an olivine, clinopyroxene and 
plagioclase mineralogy. Spinel is present (Fig. 1.14d) but sulfide is not observed. 
Phenocrysts make up 20-30% of the sample in conjunction with a glass and 
microcrystic (predominantly olivine and clinopyroxene) matrix. Vesicularity ranges 
from 30-40%. This sample is derived from Ritter Cone #1 and falls within the HTS.  
 
  
  
Figure 1.14. Select photomicrographs from sample 65-01E. a) A kink-banded 
olivine out of equilibrium with the surrounding picrite. b) Euhedral pyroxene. c) 
Pyroxene with ‘crazed’ exsolution textures. d) Euhedral spinel inclusion in olivine. 
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65-02 
 
  
Figure 1.15. Whole thin section scans of sample 65-02. a) Plain light b) Cross-
polarised light. 
 
65-02 is a porphyritic picrite with a plagioclase, clinopyroxene, 
orthopyroxene and olivine mineralogy. Orthopyroxene is large (100-200 µm) and 
sulfide is present. Phenocrysts make up 35-45% of the sample in conjunction with a 
glass and plagioclase matrix. Similar to 65-01D, the mineralogy of this sample 
(particularly the high plagioclase and clinopyroxene content) suggests a more 
evolved magma. Vesicularity ranges from 25-35%. This sample is derived from 
Ritter Cone #1 and falls within the HTS.  
 
  
  
Figure 1.16. Select photomicrographs from sample 65-02. a) Unusual twinning 
texture in clinopyroxene. b) Olivine with rare oscillatory zoning and melt 
inclusions. c) A large, twinned plagioclase with melt inclusions, oscillatory zoning 
and unusual growth textures. d) Orthopyroxene. 
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66-01A 
 
  
Figure 1.17. Whole thin section scans of sample 66-01A. a) Plain light b) Cross-
polarised light. 
 
66-01A is a micro-porphyritic picrite with a plagioclase, clinopyroxene and 
olivine mineralogy. Spinel and sulfide are present. Phenocrysts make up 15-20% of 
the sample in conjunction with a glass and pyroxene and plagioclase matrix. 
Vesicularity ranges from 20-30%. This sample is derived from Ritter Cone #3 and 
falls within the HTS.  
 
  
Figure 1.18. Select photomicrographs from sample 66-01A. a) Radial clinopyroxene. 
b) Euhedral clinopyroxene with melt inclusions. c) Large olivine out of equilibrium 
with the surrounding picrite. d) Representative matrix. 
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66-01B 
 
  
Figure 1.19. Whole thin section scans of sample 66-01B. a) Plain light b) Cross-
polarised light. 
 
66-01B is a micro-porphyritic picrite with a clinopyroxene, olivine and 
plagioclase mineralogy. Spinel is present. Phenocrysts make up 30-40% of the 
sample in conjunction with a glass and microcrystic matrix. Vesicularity ranges 
from 5-15%. This sample is derived from Ritter Cone #3 and falls within the HTS.  
 
  
  
Figure 1.20. Select photomicrographs from sample 66-01B. a) Pyroxene with 
embayments. b) Olivine out of equilibrium with the surrounding picrite. c) 
Pyroxene mineral cluster. d) Representative matrix. 
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66-01C 
 
  
Figure 1.21. Whole thin section scans of sample 66-01C. a) Plain light b) Cross-
polarised light. 
 
66-01C is a micro-porphyritic picrite with a clinopyroxene, olivine and 
plagioclase mineralogy. Spinel is present. Phenocrysts make up 30-40% of the 
sample in conjunction with a glass and microcrystic (pyroxene and plagioclase) 
matrix. Vesicularity ranges from 15-25%. This sample is derived from Ritter Cone 
#3 and falls within the HTS. 
 
  
 
Figure 1.22. Select photomicrographs from sample 66-01C. a) Clinopyroxene with 
exsolution lamellae. b) Olivine out of equilibrium with the surrounding picrite. c) 
Pyroxene with embayment. d) Representative matrix.  
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66-01D 
 
  
Figure 1.23. Whole thin section scans of sample 66-01D. a) Plain light b) Cross-
polarised light. 
 
66-01D is a micro-porphyritic picrite with a clinopyroxene and olivine 
mineralogy. Spinel is present. Phenocrysts make up 35-45% of the sample in 
conjunction with a glass and microcrystic matrix. Vesicularity ranges from 15-25%. 
This sample is derived from Ritter Cone #3 and falls within the HTS.  
 
  
  
Figure 1.24. Select photomicrographs from sample 66-01D. a) Olivine out of 
equilibrium with the surrounding picrite. b) Spinel inclusion in clinopyroxene. c) 
Pyroxene cluster. d) Representative matrix.  
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66-01E 
 
  
Figure 1.25. Whole thin section scans of sample 66-01E. a) Plain light b) Cross-
polarised light. 
 
66-01E is a micro-porphyritic picrite with an olivine, clinopyroxene and 
plagioclase mineralogy. Spinel is present. Phenocrysts make up 45-55% of the 
sample in conjunction with a glass and microcrystic (including plagioclase) matrix. 
Vesicularity ranges from 15-25%. This sample is derived from Ritter Cone #3 and 
falls within the HTS.  
 
  
  
Figure 1.26. Select photomicrographs from sample 66-01E. a) Plagioclase with 
abundant melt inclusions and oscillatory zoning. b) Unusual twinning in 
clinopyroxene. c) Olivine with embayments. d) Representative matrix. 
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66-01G 
 
  
Figure 1.27. Whole thin section scans of sample 66-01G. a) Plain light b) Cross-
polarised light. 
 
66-01G is a micro-porphyritic picrite with an olivine, orthopyroxene, 
clinopyroxene, olivine and plagioclase mineralogy. Spinel is present. Phenocrysts 
make up 30-40% of the sample in conjunction with a glass and microcrystic 
(including plagioclase) matrix. Vesicularity ranges from 15-25%. This sample is 
derived from Ritter Cone #3 and falls within the HTS.  
  
  
Figure 1.28. Select photomicrographs from sample 66-01G. a) Two plagioclase 
phenocrysts, one with oscillatory zoning (top right) and one without (main crystal). 
b) Olivine out of equilibrium with the surrounding picrite. c) Clinopyroxene. d) 
Representative matrix.  
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66-02 
 
  
Figure 1.29. Whole thin section scans of sample 66-02. a) Plain light b) Cross-
polarised light. 
 
66-02 is a micro-porphyritic picrite with an olivine, clinopyroxene and 
plagioclase mineralogy. Spinel exists as inclusions in pyroxene and as microcrysts. 
Sulfide and/or magnetite are present. Clinopyroxene contains exsolution lamellae 
and abundant melt inclusions. Phenocrysts make up 30-40% of the sample in 
conjunction with a glass and microcrystic (including plagioclase) matrix. 
Vesicularity ranges from 15-25%. This sample is derived from Ritter Cone #3 and 
falls within the HTS.  
 
  
  
Figure 1.30. Select photomicrographs from sample 66-02. a) Pyroxene cluster. b) 
Clinopyroxene. c) Rare large plagioclase. d) Representative matrix. 
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1.4.3 Mineralogy 
 
Olivine 
 
Olivine micro-phenocrysts are common in all samples (except 65-01D). They 
are usually ~0.5 mm in diameter, in some cases exceed 1 mm, and rare crystals are 
≤3 mm in size. There does not appear to be any consistent differences in olivine 
morphology between the HTS and LTS of the host lavas. The phenocrysts range 
from anhedral to euhedral and zoning is apparent in some samples as narrow rims 
and less commonly as concentric bands; inclusions are common, especially Cr-
spinel. The larger olivine appears unstable in some samples, with embayed 
margins, reaction rims, breakdown textures, and less commonly, undulose 
extinction or kink banding. There is evidence of olivine overgrowth on 
clinopyroxene and resorption and regrowth of olivine grains. The micro-
phenocrysts are typically unzoned, although rare crystals show some oscillatory 
zoning. See Appendix B.1 for tabulated olivine major element analyses. 
 
Olivine phenocryst compositions range from Fo82 to Fo93 (Fo# = 
(Mg2+/(Mg2++Fe2+)*100)) but olivine with Fo89-91 is dominant in both the HTS and 
LTS (Fig. 1.31a). In addition to the apparent bimodality of low- and high-Fo 
groups, there are also low- and high-Ca compositional groups (Fig. 1.31b).  
 
 
Figure 1.31. a) Frequency distribution diagram for Fo# in olivine. b) Fo# vs. CaO 
wt% in olivine. Analyses are coloured by the TiO2 contents of their host lavas. HTS 
(blue), LTS (pink). 
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While the most forsteritic olivine is slightly in excess of Fo92 for crystals 
hosted by both low- and high-Ti series lavas, there is a smaller proportion of low-
Ca olivine in the HTS samples. The high-CaO grains (>0.1 wt%) are interpreted as 
phenocrystic (see; Libourel, 1999), whereas those with low CaO could be either 
disaggregated peridotite or representative of a boninite component. The largest 
grains in a thin section are usually low-CaO olivine. The EMPA detection limit of 
CaO is calculated at 0.04 wt%, so the data identifying low-CaO olivine actually fall 
below detection limit, but serve to highlight the possibility of two olivine 
populations. Concentrations of NiO (0.08% to 0.46%) and MnO (0.09-0.29) overlap 
with olivine characteristic of West Greenland (HTS hosts) and Iceland (LTS hosts) 
(Larsen & Pedersen, 2000; Sobolev et al., 2005), for any given Fo content. The HTS 
hosted olivine tends to have higher NiO and MnO than the LTS hosted olivine. 
 
  
Figure 1.32. a) Fo# vs. NiO wt% in olivine. b) Fo# vs. MnO wt% in olivine.  
 
 
Clinopyroxene 
 
Clinopyroxene has a similar size distribution to olivine, with a minority 
exceeding 2 mm in length; and these large rare crystals are anhedral with corroded 
margins. Shapes range from subhedral to euhedral in the clinopyroxene 
phenocrysts. Orthopyroxene lamellae are present in some crystals, deformed 
twinning is present, and small Cr-spinel crystals are common as inclusions 
suggestive of co-crystallisation of these two phases. Some clinopyroxene is zoned; 
both oscillatory and hourglass zoning is present. Cracking along cleavage 
boundaries gives a ‘crazed’ appearance to some crystals. There appears to be two 
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groups: a majority are colourless typical of a Mg-rich magmatic augite; a minority 
is pale green, possibly a Cr-diopside of mantle origin. Clinopyroxene phenocrysts 
have high CaO (16.2-24.7 wt%), low TiO2 (0.01-0.61 wt%), and variable contents of 
Cr2O3 and Al2O3 (Fig. 1.33) and plot in both the diopside and augite fields (Fig. 
1.34). Clinopyroxene in all samples has a wide range of Mg# (78-98) with a 
majority of analyses falling between Mg# 84 and 94. There are no clear 
geochemical populations (e.g. Mg-rich and Cr-rich) so all clinopyroxene data are 
included on the plots below. Clinopyroxene in the HTS tends to have higher Ti at a 
given Mg# compared with that from the LTS, but there is extensive overlap in 
terms of Al2O3 and Na2O content between the two host types (Fig. 1.33). See 
Appendix B.2 for tabulated clinopyroxene major element analyses. 
 
   
   
Figure 1.33. Frequency distribution diagram for Mg#, and plots of Mg# vs. TiO2, 
Al2O3, and Na2O wt% in clinopyroxene. Analyses are coloured by the TiO2 contents 
of their host lavas. HTS (blue), LTS (pink). 
0
5
10
15
20
25
30
78 80 82 84 86 88 90 92 94 96 98
frequency distribution of cpx in the LTS & HTS
fre
qu
en
cy
Mg #
HTS
LTS
TiO
2 w
t%
0
0.1
0.2
0.3
0.4
0.5
0.6
Mg#
70 75 80 85 90 95
HTS
LTS
Al
2O
3 w
t%
0
1
2
3
4
5
Mg#
70 75 80 85 90 95
HTS
LTS
Na
2O
 w
t%
0.05
0.10
0.15
0.20
0.25
0.30
0.35
Mg#
70 75 80 85 90 95
Mg#	  
Chapter 1 – Petrology of xenolith-bearing, submarine picrites from Ritter Volcano 
	  
 31 
 
Figure 1.34. Pyroxene quadrilateral. Clinopyroxene data (triangles) plot in the 
diopside and augite fields. Orthopyroxene data (diamonds) plot in the enstatite 
field. Analyses are coloured by the TiO2 contents of their host lavas. HTS (blue), 
LTS (pink). 
 
Orthopyroxene 
 
Orthopyroxene is sparsely present in all samples from the HTS (except 65-
01E) and in only two from the LTS (64-01, 66-01G; but with only 3 grains analysed 
in total from these two samples). Orthopyroxene ranges from anhedral to euhedral, 
sometimes zoned, with inclusions of spinel and olivine. Orthopyroxene often has a 
‘crazed’ texture where it has cracked along cleavage boundaries. Some grains (Fig. 
1.35) are clearly out of equilibrium with the surrounding magma, given their 
corroded margins, but others (often in the same sample) have relatively well-
preserved grain boundaries.  
 
  
    Sarlae Ruth Buffett McAlpine 
	  
32 
  
Figure 1.35. EMPA back scatter electron (BSE) images for orthopyroxene grains 
from a) 65-01A b) and c) 65-02 d) 66-01G. 
 
Orthopyroxene phenocrysts are by definition in the enstatite field 
(Morimoto, 1989 Fig. 1.34) with 1.51-2.78 wt% CaO, low TiO2 (0.09-0.23 wt%), and 
variable contents of Al2O3 and MnO. Orthopyroxene analyses have a wide range of 
Mg# (66-86). There are no clear geochemical populations. The three orthopyroxene 
grains analysed from the LTS tend to have higher MnO, FeO* and lower Mg# 
compared with those from the HTS, but with limited numbers of analyses it is hard 
to draw a meaningful comparison. There is a positive correlation between SiO2 and 
MgO, and as expected, a strong negative correlation between Mg# and MnO (Fig. 
1.36). No oxides appear to correlate with Al2O3 except possibly a weak positive 
relationship with TiO2. See Appendix B.3 for tabulated orthopyroxene major 
element analyses. 
 
  
Figure 1.36. a) Mg# vs. SiO2 wt% in orthopyroxene. b) Mg# vs. MnO wt% in 
orthopyroxene. 
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In the interests of brevity, comment on the unusual occurrence of 
orthopyroxene in such Mg-rich magma will be made here, and not included in the 
final discussion. It is unlikely that these orthopyroxene grains are part of the early 
crystallising phenocryst population from picritic host magmas. There are no clear 
geochemical groups in these data and from Mg# comparison with xenoliths hosted 
by these picrites (see Chapter 3), it is clear the Mg# of the orthopyroxene is too low 
for them to be in equilibrium with high Mg# peridotitic sources. It is most likely 
that the orthopyroxene analysed is xenocrystic, being partially assimilated from 
older lavas, or antecrystic, meaning the grains are older than the solidification age 
of the immediate host rocks, possibly related to a fully-crystallised cogenetic 
picritic magma, but have since been entrained by a younger magmatic pulse and 
accumulated with newly forming grains. In each scenario these grains cannot have 
been in the magma very long before final cooling due to the euhedral shape of some 
grains. It might be expected that if orthopyroxene grains were entrained, then 
other minerals could potentially have been incorporated too, e.g. a lone quartz 
crystal that was also analysed.  
 
Plagioclase 
 
Plagioclase is present in all samples (except 66-01D) fine-grained, acicular, 
groundmass crystals. This is indicative of high cooling rates during or after final 
emplacement of the melts at near-surface conditions (unlike olivine, clinopyroxene 
and spinel). Phenocrysts occur in some samples and range from anhedral to 
euhedral in shape. Plagioclase grains range from microcrystic laths (<100 µm) in 
the matrix groundmass to phenocrysts ranging from 0.5-1 mm in the plagioclase-
phyric samples. These plagioclase-rich samples are complementarily poor in olivine 
but do contain clinopyroxene phenocrysts. Oscillatory zoning is common in 
plagioclase and is often accompanied by concentric bands of microlites and melt 
inclusions. In some samples there appears to be two genetically different 
plagioclase populations, one subhedral with oscillatory zoning and the other lath-
like in shape and unzoned.  
 
Most plagioclase phenocrysts span calcic compositions from An92 to An69 
(Fig. 1.37 below). There appears to be no systematic compositional differences 
between plagioclase of the HTS and LTS. See Appendix B.4 for tabulated 
plagioclase major element analyses. 
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Figure 1.37. Frequency distribution diagram for An# in plagioclase. Analyses are 
coloured by the TiO2 contents of their host lavas. HTS (blue), LTS (pink). 
 
 
Spinel 
 
Cr-spinel is common in all picrites as small inclusions in phenocrysts, and 
more rarely as discrete micro-phenocrysts. Cr-spinel forms small (<200 µm) 
euhedral crystals and similar-sized, euhedral to subhedral primary inclusions in 
high-Ca olivine phenocrysts. It also occurs as inclusions in clinopyroxene and 
plagioclase and as microcrysts along crystal rims. Titanomagnetite microcrysts are 
present in the matrix of the samples but are subsidiary to Cr-spinel, and too small 
for analysis by EMP. 
 
Spinel is characterised by high Cr2O3 (40.5-60.3 wt%) and high MgO (5.3-
17.7 wt%). Cr# ((Cr/(Cr+Al))*100) ranges from 54-82 (Fig. 1.38a); the most Cr-rich 
spinel occurs in LTS hosts. Fe# (Fe3+/(Fe3++Cr+Al)) ranges from 5.9-28.0 (Fig. 
1.38b) and shows no systematic trend or association with HTS or LTS. See 
Appendix B.5 for tabulated spinel major element analyses. 
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Figure 1.38. a) Mg# vs. Cr# in spinel. b) Mg# vs. Fe# in spinel. Note values on the 
x-axis are plotted from high to low (left to right) in keeping with the current 
conventions for spinel data. 
 
 
On the Fe3+-Cr-Al ternary diagram, the same spinel samples plot in the Cr-
rich space. The spinel is depleted in TiO2 (0.04-0.53 wt%) and Al2O3 (5.31-13.12 
wt%), with a distinction between LTS and HTS hosts (Fig. 1.39). 
 
 
 
Figure 1.39. Ternary diagram of Fe3+-Cr-Al in spinel. Analyses are coloured by the 
TiO2 contents of their host lavas. HTS (blue), LTS (pink). 
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Figure 1.40. a) Mg# vs. TiO2. b) Mg# vs. Al2O3. c) Cr# vs. TiO2 in spinel. Note 
values on the x-axis are plotted from high to low (left to right) in keeping with the 
current conventions for spinel data. 
 
 
1.4.4 Melt Inclusions  
 
Melt inclusions have been analysed from three samples dredged from Cone 
#1 (LTS). They have not been rehomogenised, and span an extremely large 
compositional range. The analysed melt inclusions are primarily hosted in 
clinopyroxene grains within the picrite and do not contain any daughter minerals. 
Olivine and plagioclase have been observed as hosting melt inclusions, with those 
in plagioclase often associated with oscillatory zoning and they accompanying 
microlites in concentric bands. Only data from melt inclusions hosted within 
clinopyroxene are presented here (see Table 1.4). 
HTS
LTS
TiO
2 w
t%
0
0.1
0.2
0.3
0.4
0.5
0.6
Mg#
203040506070
HTS
LTS
Al
2O
3 w
t%
6
8
10
12
14
Mg#
203040506070
HTS
LTS
TiO
2 w
t%
0
0.1
0.2
0.3
0.4
0.5
0.6
Cr#
5060708090
Chapter 1 – Petrology of xenolith-bearing, submarine picrites from Ritter Volcano 
	  
 37 
 
Figure 1.41. Total alkalis vs. silica diagram for melt inclusions hosted in 
clinopyroxenes within picrite samples 65-01A (blue squares), 65-01D (red squares) 
and 65-02 (green squares). 
 
 
On a total alkalis vs. silica diagram (Fig. 1.41) the melt inclusions span a 
SiO2 range from basalt to rhyolite (46-73 wt%). In comparison to the host picrite 
whole-rock data also displayed on this diagram, the data-spread broadly appears to 
represent a melt evolution trend from low to high SiO2. What is remarkable of 
course is that a data-spread such as this occurs within melt inclusions from 
clinopyroxenes of three samples with very similar whole-rock compositions. Also 
remarkable is that these melt inclusion compositions span the entire compositional 
range of the West Bismarck (and New Britain) Arc magmas. 
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Figure 1.42. Melt inclusion-bearing clinopyroxenes from picrites 65-01A, 65-01D 
and 65-02. a) BSE image of an irregular shaped melt inclusion within a 
clinopyroxene from 65-01A. Melt inclusion compositions correspond to analyses 65-
01A.7 & 65-01A.8 (Table 1.4). Host clinopyroxene composition corresponds to 
analysis 65_01A.25 (Appendix C). b) & c) Photomicrographs of typical euhedral 
clinopyroxene grains from 65-01A hosting melt inclusions. d) Photomicrograph of a 
typical inclusion-bearing clinopyroxene from 65-01D. e) BSE image of a typical 
inclusion-bearing clinopyroxene from 65-01D. f) Melt inclusion-bearing 
clinopyroxene from 65-02. Host clinopyroxene composition corresponds to analysis 
65-02.9 (Appendix C). 
 
 
Fig. 1.43 highlights the complexity and large compositional range 
represented by these inclusions. None of the trapped melts are picritic in 
composition. The host picrites have an MgO of 13.6-16.9 wt%, which is much 
higher than that of the melt inclusions at 0.05-5.3 wt%.  This is why Fig. 1.43a 
does not have the whole-rock data included. Further, these melt inclusions do not 
delineate a domain that bridges the picritic lavas with the wider Bismarck Arc 
with respect to MgO unlike those documented from Grenada (Devine, 1995; 
Thirlwall et al., 1996; MacDonald et al., 2000; Bouvier et al., 2010a).  
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Matrix analysis was performed on 65-01A to obtain an approximation for 
original melt composition, and is an interesting comparison to the melt inclusion 
compositions for this sample. The matrix analysis shows 65-01A to have an 
andesitic composition that plots within the compositional spread of the 
clinopyroxene-hosted melt inclusions in this picrite (Table 1.5). 
 
The trends observed in the following figures are often erratic, with 65-01A 
often with a different compositional slope to that of 65-01D and 65-02. On the Al2O3 
vs. SiO2 plot, the majority of analyses from 65-01A do not fall on the apparent 
inverse relationship between Al and Si. Analyses from 65-01A are elevated in FeO 
and MgO and plot closest to the host picrite whole-rock values for a majority of the 
figures and produce a relatively flat trend for Al2O3, Na2O, CaO, and FeO/MgO.  
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Figure 1.43. Harker diagrams for clinopyroxene-hosted melt inclusions in picrite 
samples 65-01A (pink circles), 65-01D (blue circles) and 65-02 (orange circles). The 
whole-rock host picrites are plotted for comparison (black squares). a) SiO2 vs. MgO 
b) SiO2 vs. TiO2 c) SiO2 vs. Al2O3 d) SiO2 vs. Na2O e) SiO2 vs. P2O5 f) SiO2 vs. CaO g) 
SiO2 vs. FeO* h) SiO2 vs. K2O. 
 
 
These melt inclusions could represent the liquid that was present just prior 
to the crystallisation of the host clinopyroxene. The mineral inclusions span the 
range of erupted lavas in the West Bismarck and New Britain Arcs. The melt 
inclusions, and their host clinopyroxene, may have several origins. One possibility 
is that the clinopyroxene is xenocrystic and sampling a ‘source’ or a MASH 
(Melting, Assimilation, Storage, Homogenisation) region.  Another is that the 
clinopyroxene could be derived from disaggregated cumulates and crystallised on 
the chamber wall. Alternatively, Ritter picrites represent the most primitive lava 
in the region: it could be that all magmas have differentiated from a Ritter-like-
source and the trapped melts are representing this. However, without 
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homogenising these inclusions back to the temperature of entrapment, recreation 
of the trapped melt composition is difficult and compositional variation will result 
from post-entrapment crystallisation of the host mineral on the internal walls of 
the inclusion.  
 
As stated in section 1.4.3 there are two observed clinopyroxene populations, 
a colourless clinopyroxene typical of an Mg-rich magmatic augite and small 
number of pale green clinopyroxene, possibly a Cr-diopside of mantle origin.  It is 
difficult to differentiate two populations in the clinopyroxene mineral compositions 
and further work is required to determine if the melt inclusion compositions group 
with a certain clinopyroxene host mineralogy. 
 
1.4.5 Trace Elements 
 
Trace element abundances are listed in Table 3. Chondrite- and primitive 
mantle-normalised plots are presented in Fig. 1.44a and 1.44b respectively. 
Overall, the shapes of the abundance patterns for the LTS and HTS are strikingly 
similar. The rare earth elements (REE) show a slight albeit smooth enrichment in 
the light relative to the heavy REE; the HTS are distinctly and consistently 
enriched overall compared to the LTS. There are very slight negative Ce and Eu 
anomalies in both suites. It is clear from the multi-element diagram that both rock 
series have a typical arc signature with elevated abundances of alkalis and 
alkaline earths (Cs, Rb, Sr, Ba) plus Pb, Th, and U relative to REE of similar 
incompatibility in mid-ocean ridge magma generation settings. Similarly, 
depletions in the high field strength elements (HFSE) such as Nb, Ta, Zr, and Hf, 
relative to neighbouring REE are also characteristic of arc magmas, although 
Nb/Ta > chondritic accompanying Zr/Hf < chondritic is not common. The most 
prominent trace element abundance difference between the LTS and HTS is the 
higher Ba of the former, and the overlap in terms of Th abundances. In general, 
however, all of the other trace elements displayed in Fig. 1.44 are enriched in the 
HTS compared with the LTS. 
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Figure 1.44. Normalised trace element abundances in the Ritter picrites. (a) 
Chondrite-normalised rare earth element abundances; (b) primitive mantle-
normalised multi-element diagram. Normalising values from Palme & Jones (2003) 
and Palme & O’Neill (2003) respectively. HTS (blue), LTS (pink), picrite 32NG011 
from Umboi (purple). 32NG011 data from (Woodhead et al., 2010). 
 
There are also distinctions and similarities between the HTS and LTS in 
terms of the peridotite-compatible transition elements. For example, the 
abundance of Cr is ~900-1200 ppm in the HTS and ~1200-1500 ppm in the LTS. 
Likewise, the abundance of the redox-sensitive transition metal V ranges from 
~250-300 ppm in the HTS and 200-245 ppm in the LTS. In contrast, there is 
extensive overlap between the two series in terms of Ni (average 280 ppm), which 
is decidedly low considering the high Cr content, Sc (average 45 ppm) and Ga 
(average 10 ppm) abundances. Contrast in V and overlap in Sc abundances leads to 
a slightly higher V/Sc in the HTS (average 6.2) compared with the LTS (average 5).  
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Figure 1.45. Bivariate whole-rock trace element plots for the Ritter picrites a) Nb 
vs. Ta b) Zr vs. Hf c) Th vs. U d) Rb vs. Ba e) Nb vs. Zr f) Sr vs. Y. HTS (blue), LTS 
(pink). 
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For Nb/Ta (15-20), Zr/Hf (30-34) and Th/U (2-3) and Sr/Y (>30), both the 
HTS and LTS define the same ratio, however there is a distinct difference in 
element concentrations the HTS and LTS (as seen in Fig. 1.45 above) with the HTS 
being elevated in Nb and Ta, Zr and Hf, as well as U relative to Th and Rb relative 
to Ba. In Fig. 1.45a, b, e & f you can observe the linear relationship between the 
suites in the four element ratios mentioned above. Rb vs. Ba is known to be 
different for HTS and LTS, and this is seen this in Fig. 1.45d. Putting the Ritter 
picrites in context with the Bismarck Arc and arc picrites globally it is seen that 
both the HTS and LTS Ritter picrites are at the depleted end of the spectrum. 
Amphibole vs. phlogopite could be a key here in terms of fractionating these alkalis 
and alkali earths. In Fig. 1.45e, Nb vs. Zr is globally lower in arcs compared with 
MORB, and reflects the refractory nature of the mantle wedge source(s) compared 
with net MORB sources because Nb is more incompatible during partial melting of 
peridotite than Zr. The LTS and HTS are also lower when compared with the 
Bismarck Arc and arc picrites globally. Ritter lavas have a high Sr/Y (>30). This 
reflects the enrichment in all incompatible elements (except Zr, Hf, Nb and Ta) 
relative to HREE and is not unique to Sr. In Cunningham (2012) elevated Sr/Y is 
attributed to recent shallow mantle flux melting at the slab edge.  
 
 
 
Figure 1.46. Coefficients calculated for Ritter REE. λ1 (slope) vs. λ2 (curvature) for 
Ritter (black squares), Umboi (pink circle), and Ambae (navy circles). MORB data 
used in calculation is from Jenner and O’Neill (2012).  
 
Using a least squares orthogonal polynomial method developed by O’Neill 
(unpublished, pers. comm.) coefficients are calculated for the rare earth element 
data of Ritter, the single picrite from Umboi, picrites from Ambae, and MORB. As 
MORB
Ambae
Umboi
Ritter Whole Rock
λ2
−40
−20
0
20
40
60
80
100
λ1
−20 −10 0 10
Chapter 1 – Petrology of xenolith-bearing, submarine picrites from Ritter Volcano 
	  
 45 
seen on Fig. 1.46, λ1 (slope) is plotted against λ2 (curvature) and both Ritter and 
Umboi plot at relatively high slopes and curvatures but within the range of MORB.  
 
1.5  Discussion 
 
Picrites are extensively reported from ocean islands, oceanic plateaus, 
intraplate volcanics including continental flood basalts, and intra-continental rifts. 
Liquids conforming with the IUGS picrite definition are of fundamental 
petrogenetic importance given their generally uncontroversial correspondence with 
predicted partial melt products of peridotite sources under upper mantle conditions 
(Herzberg & O'Hara, 1998). Picrites in island arc settings are not common and 
potentially provide insight into the processes of partial melting of the mantle 
wedge overlying a subducted slab. Picrites are a very rare rock type in the New 
Britain-West Bismarck Arc specifically, and arcs more generally on a global basis. 
The problem with high Mg is olivine accumulation. The extent of this effect is 
demonstrated below.  
 
1.5.1  Genuine Picritic Liquids? 
 
 The first question to consider with respect to the Ritter picrite suite is the 
equivalence or otherwise of the erupted lavas with those of liquids; in other words, 
to what extent has accumulation of crystalline phases such as magnesian olivine 
and clinopyroxene modified the bulk compositions. These phases could be 
combinations of xenocrysts from disaggregated peridotite xenoliths that are 
entrained in the picrites, antecrysts from some earlier episodes of crystal 
fractionation in mantle or crustal magma conduits/chambers, and phenocrysts from 
crystallising stages of the immediate host magmas. 
 
The textural (kink banding) and compositional (low CaO) evidence suggests 
that some olivine, particularly in the LTS, is disaggregated peridotite debris. On 
observation of the two orthopyroxene populations, it is can be interpreted that the 
smaller orthopyroxene found in pyroxene-rich aggregates are possibly proto-
cumulates or scavenged fragments of cumulates or peridotites. These picrites also 
host both micro-xenoliths and larger xenoliths (up to ~15 cm). This indicates that 
these host lavas have not experienced long crustal residence/fractionation times. 
The LTS hosts a majority of the xenocrystic olivine suggesting that MgO is 
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controlled to some extent by the accumulation of low-Ca olivine. However, the LTS 
also comprises analyses from the low Fo# group with the whole range of olivine 
compositions represented in the samples from Cone #1 at Ritter. The wide range of 
olivine phenocrysts from one cone coupled with a wide range of textural differences 
in samples despite consistent bulk rock compositions makes it unlikely that these 
picrites and the minerals they host have formed by a linear fractional 
crystallisation process. This raises the question of whether the bulk rock 
signatures of the picrites are reflected in the range of olivine phenocryst 
compositions or if indeed, variable accumulation of olivine from different melting 
events has created these rocks with such high MgO contents.  
 
However, the distinct HTS and LTS in these picrites cannot simply be 
linked by olivine accumulation. Within these two suites, there is a positive 
correlation between Al, and Si, which is not consistent with olivine accumulation. 
Si and Al should decrease as Mg increases; likewise there is an absence of a 
negative correlation with K (which is essentially constant) across both LTS and 
HTS with increasing Mg, also not consistent with olivine accumulation. 
 
There is sometimes very little olivine in these high Mg magmas (e.g. 65-
01D) and conversely, a large amount of plagioclase, often in those samples where 
there is little to no olivine (e.g. 65-02). The small amount of olivine is surprising 
because wet magmas are forced to crystallise as they ascend, perhaps this is a drier 
melt than usual? The plagioclase in these samples is anorthitic, with a typical CaO 
range for arcs. It is also interesting that despite somewhat variable petrography 
(matrix grain-size and composition, phenocryst size and mineralogy), the whole 
rock geochemistry is similar. Each sample has roughly the same mineralogy, but 
very different modal percentages of those minerals and yet, these samples have a 
very limited compositional range with values clustered around 46-52% SiO2 and 
13.5-17% MgO. 
 
If olivine accumulation controls the bulk rock MgO content, it is anticipated 
that projections of whole-rock compositions trend linearly towards potential 
equilibrium olivine compositions such as Fo90 at approximately 40 wt% SiO2, 50 
wt% MgO, 0 wt% alkalis and inflated Ni content of the whole-rock. This would be 
manifest also as an increase in measured DNi (XolNi/XliqNi). Instead, there is an 
absence of any trends towards olivine compositions on various binary oxides versus 
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MgO plots. Furthermore, the majority of the Ritter samples fall close to the 
equiline in a plot of calculated versus measured DNi (Fig. 1.47).  
 
 
 
 
Figure 1.47. Observed versus calculated DNi (XolNi/XliqNi) for the Ritter picrites. The 
calculated DNi is from Hart & Davis (1978); measured values use XolNi from EPMA 
and XliqNi is from whole-rock analysis.  
 
 
Without olivine accumulation controlling the bulk rock MgO content, it is 
deduced that these lavas are close to being representative of genuine picritic 
liquids. Now, further discussion with comparative plots of Ritter and the Bismarck 
Arc lavas. Presented below are selected Harker plots and it is noted that many of 
these other bulk arc rocks are plagued by the same accumulation problems that 
have been addressed in the case of the Ritter picrites above. 
 
Many of the magmas from the New Britain volcanic arc front are 
characterised by flat (relative to chondrites) REE patterns. The Ritter picrites in 
contrast have LREE enrichments relative to chondrites, coupled with strong 
depletion in HFSE (Nb, Zr-Hf, Ti). It is possible to reconcile the intrinsically 
depleted character of the Ritter sources, chondritic Zr/Hf, and LREE enrichment if 
the Ritter basalts are derived by a smaller degree of partial melting, from the same 
source, than the New Britain arc front basalts. 
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Figure 1.48. Comparative plots of the Ritter picrites (pink circles) and the 
Bismarck Arc lavas (blue circles). a) SiO2 vs. FeO*/MgO b) SiO2 vs. MgO c) MgO vs. 
TiO2 d) MgO vs. K2O. 
 
 
The major oxide plots in Fig. 1.49 support this theory. As low SiO2 and low 
FeO*/MgO is a proxy for magma evolution, the picrites are plotting as the least 
evolved magmas in the whole of the Bismarck Arc. These figures show that the 
Ritter picrites are plausible parental melts to much of the rest of the magmas in the 
Bismarck Arc.  
 
In comparing Ritter and the New Britain-West Bismarck Arc with the 
global arc picrites (so-called) it is also noted that a number of these, especially the 
Solomons Islands’ New Georgia Group are clearly accumulative. 
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Figure 1.49. Comparative plots of the Ritter picrites (pink circles), the Bismarck 
Arc lavas (blue circles) and global arc picrites (green circles). a) FeO* vs. MgO b) 
SiO2 vs. Al2O3 c) MgO vs. TiO2 d) MgO vs. Na2O. HTS (blue), LTS (pink). 
 
 
Fig. 1.50 plots MgO vs. FeO* in the Ritter picrites, and shows that Ritter values 
plot close to the line of primary magmas and potential temperatures inferred from 
cratonic mantle, Ronda Peridotite and Abyssal Peridotite (Herzberg, 2004). The 
purpose of this figure is to demonstrate that the Ritter picrites fall within the 
range of natural and experimentally plausible primary melts. 
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Figure 1.50. MgO vs. FeO* in the Ritter picrites (pink circles) in relation to a line of 
inferred primary magmas and potential temperatures, adapted from Herzberg 
(2004). Field labeled ‘tholeiitic basalts’ demonstrates FeO* enrichment for modern 
MORB as a result of fractionation of olivine + plagioclase and olivine + plagioclase 
+ augite. Field labeled ‘gabbronorite’ demonstrates FeO* depletion as a result of 
fractionation of plagioclase + augite + low-Ca pyroxene + magnetite. 
 
 
1.5.2  Temperature  
 
The olivine-spinel Fe2+-Mg exchange thermometer of Ballhaus et al. (1991) 
was applied to coexisting host olivine-included spinel pairs in the Ritter lavas, at 
an assumed pressure of 1.0 GPa. The Ballhaus et al. (1991) thermometer is an 
adaptation of the olivine-spinel Fe2+-Mg exchange thermometer of O’Neill & Wall 
(1987) as follows: 
 
T = (6530 + 280P + (7000 + 108P) x (1 – 2XolvFe) – 1960 x (XspMg – XspFe2+) + 
16150 x XspCr + 25150 x (XspFe3+ + XspTi)) / (Rln((XolvFe x XspFe2+) / (XolvFe x XspTi)) + 
4.705) 
 
T is in K, P is in GPa, XolvFe = Fe2+/(Fe2++Mg) in olivine, XspMg = 
Mg/(Fe2++Mg) in spinel, XspFe2+ = Fe2+/(Fe2++Mg) in spinel, XspFe3+ = Fe3+/ΣR3+ in 
spinel, XspCr = Cr/ΣR3+ in spinel and XspTi the number of Ti cations in spinel to 4 
oxygens.  
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A range of temperatures from about 720 to 1380 °C are calculated (Table 
1.6). While the upper limit is consistent with the dry temperatures asserted by 
Herzberg (2004), the lower temperatures likely include some that are the result of 
wet melting of peridotite, and others that are sub-solidus. Alternatively the 
Ballhaus et al (1991) calibration may require modification. Data presented in Fig. 
1.50 have been screened and only temperatures above 900 °C are displayed (seven 
data points have been removed from the plot). Olivine crystals were also screened 
using their Ca contents so that only phenocrysts (high Ca) were used in the 
temperature calculations. 1 GPa was chosen as the assumed pressure in reference 
to picrites from similar tectonic settings and with similar chemical and petrological 
characteristics. In absence of other suitable mineral thermometers, magma 
temperatures may be estimated from the compositional dependence of anhydrous 
basalts (e.g.; Ramsay & Crawford, 1984; Helz & Thornber, 1987) using the 
equation in Eggins (1993). 
 
T °C ≈ 18 x MgO (wt%) + 1050 
 
This can be of limited use to natural magmas, as dissolved volatiles, 
particularly H2O, will depress the liquidus temperatures and cause an over-
estimation of the true magmatic temperature. LOI is calculated for the Ritter 
picrites at 0.98-1.25 wt%. This can be a difficult calculation in appropriately 
accounting for degassing. These values obtained are lower than the generally 
typical 2-6 wt% H2O value for primary arc-related calc-alkaline to tholeiitic basalts 
and picrites (Sisson & Grove, 1993; Ulmer, 2001; Baker et al., 1994).  
 
1.5.3  Oxygen Fugacity 
 
Calculations of fO2 using coexisting olivine and spinel have been made using 
the oxybarometers contained in O’Neill & Wall (1987), Wood & Virgo (1989), 
Ballhaus et al., (1991) and Nell & Wood (1991). The fO2 calculations made at 
equilibrium temperatures presented in Table 1.6 are calculated from the Ballhaus 
(1991) version of the olivine-spinel Fe-Mg exchange geothermometer at a low 
pressure of 1.0 GPa. The Ballhaus calculation was chosen because it is well suited 
to the Cr-rich spinel that occurs in the Ritter lavas and other primitive island arc 
basalts. Ballhaus uses a semi-empirical oxygen barometer in terms of divergence 
from the fayalite-magnetite-quartz (FMQ) buffer and is as follows: 
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Δlog(fO2)FMQ = 0.27 + 2505/T – 400P/T – 6log(XolvFe) – 3200(1 – XolvFe)2/T + 
2log(XspFe2+) + 4log(XspFe3+) + 2630(XspAl)2/T  
 
T is in K, P is in GPa (assumed low at 1.0 GPa), XolvFe = Fe2+/(Fe2++Mg) in 
olivine, XspFe2+ = Fe2+/(Fe2++Mg) in spinel, XspFe3+ = Fe3+/ΣR3+ in spinel and XspAl = 
Al/ΣR3+ in spinel. Fe3+ and Fe2+ were calculated based on stoichiometry. A 
correction should be applied where orthopyroxene is not a co-crystallising phase, 
however, for all but highly silica-undersaturated melts this is a small value of the 
order of several tenths of a log unit and within error of the calibration (Ballhaus et 
al., 1991). The fO2 calculated for Ritter olivine-spinel pairs range from about FMQ 
+0.4 to FMQ +2.6. 
 
  
  
Figure 1.51. a) Temperature vs. Cr# (spi) for all temperatures calculated above 
900°C. b) Cr# (spi) vs. Δlog(fO2)FMQ. c) T vs. Δlog(fO2)FMQ. d) Fo# (olv) vs. Cr# (spi).  
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An unanswered question in earth sciences is the oxidation state of the 
source of subduction zone magmas. It is commonly understood that arc magmas 
are more oxidised than basalts generated at mid-ocean ridges but whether the 
oxidised signature is inherited from a similarly oxidised mantle wedge (Parkinson 
& Arculus, 1999; Kelley & Cottrell, 2009; Evans et al., 2012; Kelley & Cottrell, 
2012) or whether the fO2 of the upper mantle is homogeneous, independent of 
tectonic setting (Mallmann & O'Neill, 2009; Lee et al., 2010) and the oxidised 
signature of arc magmas accounted for by late-stage differentiation processes, is 
still to be determined.  
Lee et al. (2010) measure the ratio of Zn/Fe in peridotites and conclude that 
the fO2 of magma sources is the same in both a subduction and a spreading ridge 
setting. Fig. 1.52a shows the Zn/FeT of the whole-rock Ritter picrites in relation to 
MORB, with the samples showing significant overlap with the MORB field in 
terms of this redox-sensitive element ratio.  
 
 
Figure 1.52. a) MgO vs. Zn/FeT for whole-rock Ritter lavas. MORB field in yellow 
from RidgePetDB Database referenced in Lee et al., (2010). b) MgO vs. V/Sc for 
Ritter, New Britain Arc, Bismarck Arc and MORB (yellow field). MORB data from 
Jenner and O’Neill (2012). 
 
 
Mallmann and O’Neill (2009) use minor element ratios such as V/Sc to 
estimate a uniform fO2 for the upper mantle asserting that there is no evidence 
that the source of arc magmas is more oxidised. However, as V is more 
incompatible than Sc, higher degrees of melt depletion will drive the source to a 
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lower V/Sc. Conversely, in a more oxidised environment, V/Sc will be higher 
because the multi-valence state V will behave incompatibly compared to the mono-
valence state Sc during melting. It could be a ‘crisis of coincidence’ that an 
increased degree of partial melting pushes arcs lower in V/Sc but increased oxygen 
fugacity increases V/Sc to be indistinguishable from MORB (Fig. 1.52b).  
 
 Compared to MORB and the lavas of the Bismarck Arc, the Ritter lavas plot 
at a consistent V/Sc and at a lower V/Sc than the majority of MORB.  
 
Evans (Evans et al., 2012) used Mn2+/Fe2+ interpreting that elevated ferric 
iron contents in arc lavas are a record of oxidised sub-arc mantle relative to MORB. 
Fe and Mn have the same number of valence states but Mn oxidises to higher 
valence states at higher oxygen fugacities so Mn/Fe decreases as fO2 increases. 
 
  
Figure 1.53. a) MgO vs. Mn2+/Fe2+ for olivine phenocrysts. Analyses are coloured by 
the TiO2 contents of their host lavas. HTS (blue), LTS (pink). c) MgO vs. Mn2+/Fe2+ 
for olivine phenocrysts, whole-rock Ritter lavas (black), and MORB field (yellow). 
MORB data from Jenner and O’Neill (2012). 
 
 
Fig. 1.53 shows the Mn/Fe of the phenocrystic olivine and the whole-rock 
MnO/FeO* of their parent picrites are comparable, with the Mn/Fe extending over 
a much wider range, and to a much lower ratio in the olivine. The LTS and HTS 
show little variation in Mn/Fe for the olivine phenocrysts. The MnO/FeO* whole-
rock Ritter picrites plot within the compositional range of MORB.  
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So is it the source or a process that leads to arc magmas being more 
oxidised? Stamper et al., (2014) explored the phase relations of a similar primary 
melt at Grenada in the Lesser Antilles and show that the compositions of olivine 
phenocrysts in Grenada picrites are more oxidised than the previous fO2 estimate 
for the sub-arc mantle beneath the island and match with the upper limit of 
olivine–spinel oxygen barometry of primitive lavas. The olivine-spinel pairs of the 
Ritter samples also show that these lavas are of a higher oxidation state than 
typical MORB but that the increased fO2 is decoupled from the redox-sensitive 
trace element ratios shown above. Evidence from Zn/Fe, V/Sc and Mn/Fe is 
congruous and suggests that independent of tectonic setting, these arc lavas may 
derive from a source of indistinguishable oxygen fugacity to that of mid ocean ridge 
basalts.  
 
1.5.4  Arc Picrites Globally 
 
Picrites are extensively reported from ocean islands (e.g. Iceland, Hawaiian 
Islands, Réunion Island, Pitcairn Islands, Kerguelen, Canary Islands, Marquesas 
Islands, Austral-Cook Islands, Madeira Archipelago, Cape Verde Islands, Gorgona 
Island, Galapagos Islands, Society Islands), oceanic plateaus (e.g. Caribbean-
Columbian Plateau, Ontong-Java Plateau), intraplate volcanics (e.g. Baltic Shield, 
European Orogenic Belt, Tasman Orogen, South Australian Craton, Trans-Hudson 
Orogen, Central Asian Fold Belt, Atlas Mountains, Circum-Parana Alkaline 
Volcanic Provinces, Arabian-Nubian Shield, Siberian Craton, Baikal Rift Zone, 
Eastern Mediterranean Belt, West-Africa Coastal Belt), Archean craton (e.g. 
Superior Province, Dharwar Craton, North Atlantic Craton, Baltic Shield, Aldan 
Shield), continental flood basalts (e.g. Karoo Province, North Atlantic Province 
including Baffin Bay, Siberian Traps, Midcontinent Rift System, Madagascar Flood 
Basalt, Deccan Traps, Antarctica, Ethiopian Plateau, Emeishan Large Igneous 
Province, Etendeka Province, Wrangellia Terrane), rift volcanics (e.g. Mid-African 
Rift System, East African Rift, Appalacians, East Antarctic Rift System) and even 
occur on the moon, but those sampled in arc settings are particularly uncommon 
and provide the opportunity to gain a direct insight into the mantle melting 
processes of our earth.  
 
“The significance of picritic lavas has divided petrologists since the time of 
Bowen” (Francis, 1985). The problem addressed in 1.5.1 manifests itself in the 
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following ways. There are those whom interpret picrites to represent basaltic 
magmas which have undergone a physical accumulation of olivine and that many 
basalts are representative of 'primary' magmas, the composition of which indicates 
equilibration with the Earth's upper mantle, e.g. Presnall (1982). As such, they not 
considered to provide the knowledge required to unravel the complexity of liquid 
compositions rising from the mantle. And there are those who believe that most 
basalts represent magmas which have evolved from a more primitive source by 
crystal fractionation, and that this source rarely appears on the Earth's surface. 
Supporters of this second view argue that the majority of the most primitive 
magmas are MgO-rich liquids with picritic compositions, e.g. O'Hara (1982). 
 
This work obviously advocates that there are such things as genuine 
picrites, and that they are rare and valuable occurrences in arc settings, with those 
from Grenada (Lesser Antilles), New Georgia (Solomon Islands), Oshima-Oshima 
(Japan), Ambae (Vanuatu) and now possibly Ritter (West Bismarck Arc), some of 
the only samples feasibly believed to be representing the parental melt of their 
respective arc-systems (Ramsay & Crawford, 1984; Bouvier et al., 2010b; Eggins, 
1993; Devine, 1995). 
 
The Vanuatu and New Georgia, Solomon Islands picrite occurrences are 
located above the site of subduction of a major positive feature on the subducting 
plate (D'Entrecasteanx Ridge and Woodlark Spreading Centre, respectively). The 
collision of the ridge with the trench has resulted in profound fracturing of the 
over-riding plate in both instances. These probably mantle-deep fractures 
associated with collision may have provided relatively rapid access to the surface 
for primary, mantle-derived arc magmas (Ramsay & Crawford, 1984; Crawford et 
al., 1987). It has been suggested that the rapid magma ascent of the Grenada 
picrites may be favoured by the major tectonic SW–NE fault crossing the island 
(Devine, 1995; van Soest et al., 2002). In the case of Ritter, this island (as well as 
Sakar and Umboi) overlies a proposed slab-tear in the subducting plate due to the 
collision of the Australian Plate in the east (O’Kane, PhD thesis; 2014) and is a 
potential conduit for fast primary magma ascent in this setting. Notwithstanding 
the ‘primary magma fallacy’ i.e. increasing primary phase volume of olivine at the 
expense of clinopyroxene during ascent (O'Hara, 1965), this potential conduit 
retards heat loss and fractionation during ascent, leading to the preservation of 
these close-to-primary arc magmas (Crawford et al., 1987).  
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1.5.5  Mantle Source(s) 
 
 The largest remaining uncertainties in arc petrology are the effects of 
pressure, volatiles and source lithology on the melting of the mantle wedge and in 
the generation of picritic arc liquids. For example, the possible pressure range of 
source melting falls between that of the subducting slab and that of the lithosphere 
(Rohrbach et al., 2005) i.e. the thickness of the mantle wedge. However as 
highlighted above, aseismic features in the slab may extend first melting to higher 
pressures as well as source lithologies and volatile contents. Pressure estimates on 
the basis of wedge thickness and experimental studies give a range of 1-3 GPa 
(Eggins, 1993; Rohrbach et al., 2005; Stamper et al., 2014 and references therein.).  
Constraining the mantle source lithology and extensive variables will be addressed 
in Chapters 2 and 3 as a detailed petrological study of the entrained peridotites. 
This approach, coupled with an experimental synthesis (future work) of the picritic 
liquids is the best way to constrain these unknowns.  
 
The magmas of this study are medium-K, depleted in Nb and Ta, and have 
a Nb/Ta (15-20) close to that estimated for the bulk earth from chondritic 
meteorites (e.g. Münker, 2003). As typical for convergent-margin settings Ritter 
magmas contain Nb and Ta in very low concentrations. Nb and Ta partitioning 
experiments between rutile and a hydrous fluid have demonstrated that Nb and Ta 
have a strong preference for rutile with rutile preferentially incorporating Ta. 
Biotite and high-Ti phengite are able to fractionate Nb from Ta as it has been 
shown that Nb is compatible in both of these mineral phases (Stepanov & 
Hermann, 2013). Rare subduction magmas have been reported as having high 
Nb/Ta, high K, and high Nb. The origin of these compositions have been explained 
by fractionation of Nb and Ta by amphiboles in the mantle during multiple stages 
of melting. An alternate way to produce arc rocks with high Nb/Ta is that of 
incipient melting of metasediments at high pressures forming phengite-bearing 
restites which may contribute to these unusual magma compositions (Stepanov & 
Hermann, 2013). It is unlikely that the source of the Ritter magmas contained 
amphibole. The presence of residual amphibole during the melting of the source 
rocks would give a signature of relative K depletion. It has been shown that as soon 
as the source is exhausted in amphibole, the relative K depletions in the melt 
disappears and the formerly constant Ti concentrations start to decrease, as seen 
in Ritter (Späth et al., 2001). As a medium-K lava, the fractionation of a K-rich 
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mineral, such as amphibole or phlogopite is not required and would be inconsistent 
with the primitive nature of the lavas in this study. It also follows that the 
magmas from Ritter do not require modification of the subarc mantle source by 
silicic melts to explain their HFSE (particularly Nb, Ta) composition. Enrichment 
of the source region by fluid metasomatism is sufficient (Stolz et al., 1996). 
However the LTS and HTS still requires explanation. 
 
The HTS and LTS are described in relation to each other. When put into a 
global context the whole suite comprises low-Ti rocks akin to boninites, as outlined 
in 1.3.2. But what is the reason for the distinct Ti concentrations? Clinopyroxene is 
the primary host of Ti in the mantle. This process may involve melting 
clinopyroxene out at the point of melt departure. This perhaps is a magma mixing 
story where a melt at cpx-out stage was diluted with a melt that did not come from 
a clinopyroxene-bearing source i.e. a clinopyroxene-free, low-Ti melt, like a 
boninite. This could explain the low concentrations of Ti, and the different 
proportions of this element in the two rock suites. This could also be a single source 
story, with stages of progressive melting being captured. The REE patterns are 
consistent with clinopyroxene being the main player in this game. Clinopyroxene is 
the host of the majority of REE elements and the shift between the LTS and HTS 
involves a shift in concentrations of the REE as will as the Ti. The HTS and LTS 
suites observed in these picrite samples are consistent with the major element 
composition of Ambae, Vanuatu. Eggins (1993) reports a high-Ti and low-Ti suite 
and suggests that at least three geochemically-distinct source components are 
necessary to account for the geochemical differences between, and geochemical 
heterogeneity within, these lava series. One LILE-rich (an aqueous fluid?) and one 
LREE-rich component (a silicate melt?), both derived from the subducting slab, and 
a third component of either different extents of incompatible element depletion or 
degrees of melting of the mantle wedge.  
 
1.6  Conclusions 
 
Whole-rock analyses classify the igneous host in this study to be an unusual 
and petrologically significant, low-Fe, medium-K, Mg-rich (13.9-16.6 wt%), 
tholeiitic picrite. In comparison to other samples from the West Bismarck Arc 
(Woodhead et al., 2010), these picrites are interpreted to be the most primitive 
rocks erupted in this region due to their low FeO/MgO and K2O contents. The 
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primitive nature of these rocks offers a direct insight into the ‘source’ as they could 
represent unmodified melts derived directly from upper mantle source(s).  
 
These rocks show extremely high MgO contents which cannot be solely 
explained by crystal accumulation and the existence of a low-Fe, med-K tholeiite 
erupting in an active arc setting; crystallisation sequence 
(spinel>olivine>clinopyroxene>>plagioclase = wet arc-type magma) with a 
sometimes contradictory petrological story. This sample suite displays distinct 
high- and low-Ti suites erupting from adjacent cones with compositions of melt 
inclusions spanning the entire range of erupted magmas in the Bismarck Arc. 
These rocks have similarities to boninites with their low TiO2 contents and Cr-rich 
spinel and as explored in the following chapters, have entrained a unique suite of 
peridotite and pyroxenite xenoliths. 
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Table 1.1. Sample Locations and Descriptions from the SS-06 2007 Dredge Sample Ledger.  	  
Sample	  
Number	  
Description	  of	  Dredge	  Target	  
Latitude	  
(°S)	  
Longitude	  
(°E)	  
Water	  
Depth	  (m)	  
Macroscopic	  Description	  of	  Dredge	  Haul	   Vesicularity	  (%)	  
	   	   	   	   	   	   	  
WBD	  62-­‐01	   Ritter	  Cone	  #1	   5°29.71’	   148°03.39’	   905	  
Black	  basaltic-­‐andesite	  with	  harzburgite	  and	  dunite	  xenoliths.	  Reddish-­‐
brown	  oxidation	  on	  surface.	  
5	  (0.1-­‐4mm)	  
WBD	  64-­‐01	   Ritter	  Cone	  #2	   5°28.73’	   148°01.18’	   925	  
Black	  basalt-­‐andesite	  with	  harzburgite	  xenoliths.	  	  
Almost	  woody	  pumice	  surfaces.	  
5	  (0.5-­‐3mm)	  
WBD	  65-­‐01A	  
Ritter	  Cone	  #1	  	  
(second	  time	  at	  dredge	  site)	  
5°29.75’	   148°03.37’	   901	  
Black	  volcanics,	  basalt	  to	  basaltic-­‐andesite	  with	  harzburgite	  xenoliths.	  
Minor	  brown	  alteration	  on	  surface.	  
5	  (0.1-­‐2mm)	  
WBD	  65-­‐01B	  
Ritter	  Cone	  #1	  	  
(second	  time	  at	  dredge	  site)	  
5°29.75’	   148°03.37’	   901	  
Black	  volcanics,	  basalt	  to	  basaltic-­‐andesite	  with	  harzburgite	  xenoliths.	  
Minor	  brown	  alteration	  on	  surface.	  
5	  (0.1-­‐2mm)	  
WBD	  65-­‐01C	  
Ritter	  Cone	  #1	  	  
(second	  time	  at	  dredge	  site)	  
5°29.75’	   148°03.37’	   901	  
Black	  volcanics,	  basalt	  to	  basaltic-­‐andesite	  with	  harzburgite	  xenoliths.	  
Minor	  brown	  alteration	  on	  surface.	  
5	  (0.1-­‐2mm)	  
WBD	  65-­‐01D	  
Ritter	  Cone	  #1	  	  
(second	  time	  at	  dredge	  site)	  
5°29.75’	   148°03.37’	   901	  
Black	  volcanics,	  basalt	  to	  basaltic-­‐andesite	  with	  harzburgite	  xenoliths.	  
Minor	  brown	  alteration	  on	  surface.	  
5	  (0.1-­‐2mm)	  
WBD	  65-­‐01E	  
Ritter	  Cone	  #1	  	  
(second	  time	  at	  dredge	  site)	  
5°29.75’	   148°03.37’	   901	  
Black	  volcanics,	  basalt	  to	  basaltic-­‐andesite	  with	  harzburgite	  xenoliths.	  
Minor	  brown	  alteration	  on	  surface.	  
5	  (0.1-­‐2mm)	  
WBD	  66-­‐01A	   Ritter	  Cone	  #3	   5°28.03’	   148°00.16’	   919	  
Black	  basalt	  to	  basaltic-­‐andesite	  with	  minor	  phenocrysts	  or	  micro-­‐
xenoliths.	  Reddish-­‐orange	  alteration	  on	  surface.	  
7	  (0.1-­‐6mm)	  
WBD	  66-­‐01B	   Ritter	  Cone	  #3	   5°28.03’	   148°00.16’	   919	  
Black	  basalt	  to	  basaltic-­‐andesite	  with	  minor	  phenocrysts	  or	  micro-­‐
xenoliths.	  Reddish-­‐orange	  alteration	  on	  surface.	  
7	  (0.1-­‐6mm)	  
WBD	  66-­‐01C	   Ritter	  Cone	  #3	   5°28.03’	   148°00.16’	   919	  
Black	  basalt	  to	  basaltic-­‐andesite	  with	  minor	  phenocrysts	  or	  micro-­‐
xenoliths.	  Reddish-­‐orange	  alteration	  on	  surface.	  
7	  (0.1-­‐6mm)	  
WBD	  66-­‐01D	   Ritter	  Cone	  #3	   5°28.03’	   148°00.16’	   919	  
Black	  basalt	  to	  basaltic-­‐andesite	  with	  minor	  phenocrysts	  or	  micro-­‐
xenoliths.	  Reddish-­‐orange	  alteration	  on	  surface.	  
7	  (0.1-­‐6mm)	  
WBD	  66-­‐01E	   Ritter	  Cone	  #3	   5°28.03’	   148°00.16’	   919	  
Black	  basalt	  to	  basaltic-­‐andesite	  with	  minor	  phenocrysts	  or	  micro-­‐
xenoliths.	  Reddish-­‐orange	  alteration	  on	  surface.	  
7	  (0.1-­‐6mm)	  
WBD	  66-­‐01G	   Ritter	  Cone	  #3	   5°28.03’	   148°00.16’	   919	  
Black	  basalt	  to	  basaltic-­‐andesite	  with	  minor	  phenocrysts	  or	  micro-­‐
xenoliths.	  Reddish-­‐orange	  alteration	  on	  surface.	  
7	  (0.1-­‐6mm)	  
WBD	  67-­‐02C	   Ritter	  Cone	  #4	   5°28.12’	   148°01.70’	   1041	  
Black	  basalt	  with	  dunite	  and	  harzburgite	  xenoliths.	  Glassy	  vesicular	  rinds.	  
Abundant	  bombs.	  
15	  (0.1-­‐1mm)	  	  	  
Table 1.2. Petrography 	  
Sample	  Number	   Description	  
Primary	  
Mineralogy	  	  
Total	  Phenocrysts	  (%)	   Matrix	  Description	   Vesicularity	  (%)	  
	   	   	   	   	   	  
WBD	  64-­‐01	   Micro-­‐porphyritic	  
Olivine,	  Clinopyroxene,	  
Orthopyroxene,	  Plagioclase	  
5-­‐15	   microcrysts	  (microlite)	  &	  glass	   10-­‐20	  
WBD	  65-­‐01A	   Porphyritic	  
Olivine,	  Clinopyroxene,	  
Orthopyroxene,	  Plagioclase	  
30-­‐40	   plag,	  pyx	  &	  olv,	  no	  glass	   2	  
WBD	  65-­‐01D	   Porphyritic	  
Plagioclase,	  Clinopyroxene,	  
Orthopyroxene,	  Olivine	  
40-­‐50	   microcrysts	  (microlite)	  &	  glass	  
No	  round	  vesicles,	  but	  ~40%	  of	  
sample	  has	  holes/cracks	  
WBD	  65-­‐01E	   Micro-­‐porphyritic	  
Olivine,	  Clinopyroxene,	  
Orthopyroxene,	  Plagioclase	  
20-­‐30	   olv	  &	  cpx	  microcrysts	  &	  glass	   30-­‐40	  
WBD	  65-­‐02	   Poryphyritic	  
Plagioclase,	  Clinopyroxene,	  
Orthopyroxene,	  Olivine	  
35-­‐45	   glass	  &	  plag	   25-­‐35	  
WBD	  66-­‐01A	   Micro-­‐porphyritic	  
Plagioclase,	  Orthopyroxene,	  
Clinopyroxene,	  Olivine	  
15-­‐20	   plag	  needles,	  pyx	  &	  glass	   20-­‐30	  
WBD	  66-­‐01B	   Micro-­‐porphyritic	  
Orthopyroxene,	  Olivine,	  
Clinopyroxene,	  Plagioclase	  
30-­‐40	   microcrysts	  (microlite)	  &	  glass	   5-­‐15	  
WBD	  66-­‐01C	   Micro-­‐porphyritic	  
Clinopyroxene,	  Olivine,	  
Orthopyroxene,	  Plagioclase	  
30-­‐40	  
microcrysts	  of	  pyx	  &	  plag	  needles	  &	  
glass	  
15-­‐25	  
WBD	  66-­‐01D	   Micro-­‐porphyritic	  
Clinopyroxene,	  Olivine,	  
Orthopyroxene	  
35-­‐45	   microcrysts	  (microlite)	  &	  glass	   15-­‐25	  
WBD	  66-­‐01E	   Micro-­‐porphyritic	  
Olivine,	  Orthopyroxene,	  
Clinopyroxene,	  Plagioclase	  
45-­‐55	   microcrysts	  incl.	  plag	  needles	  &	  glass	   15-­‐25	  
WBD	  66-­‐01G	   Micro-­‐porphyritic	  
Olivine,	  Orthopyroxene,	  	  
Clinopyroxene,	  Plagioclase	  
30-­‐40	   microcrysts	  incl.	  plag	  needles	  &	  glass	   15-­‐25	  
WBD	  66-­‐02	   Micro-­‐porphyritic	  
Olivine,	  Clinopyroxene,	  
Orthopyroxene,	  Plagioclase	  
30-­‐40	   microcrysts	  incl.	  plag	  needles	  &	  glass	   20-­‐30	  
 	  
 
Table 1.3. Whole Rock Geochemistry 
Sample	  #	   62-­‐01	   64-­‐01	   65-­‐01A	   65-­‐01B	   65-­‐01C	   65-­‐01D	   65-­‐01E	   66-­‐01A	   66-­‐01B	   66-­‐01C	   66-­‐01D	   66-­‐01E	   66-­‐01G	   67-­‐02C	  
	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  	   	   	   	   	   	   	   	   	   	   	   	   	   	  
(wt	  %)	  normalised	   	   	   	   	   	   	   	   	   	   	   	   	   	  
SiO2	   51.07	   49.63	   51.04	   51.42	   51.25	   50.84	   51.31	   49.06	   48.86	   49.01	   49.18	   49.18	   49.03	   48.93	  
TiO2	   0.27	   0.44	   0.27	   0.28	   0.27	   0.28	   0.26	   0.44	   0.46	   0.43	   0.43	   0.44	   0.44	   0.44	  
Al2O3	   9.23	   11.26	   9.17	   9.26	   9.14	   9.38	   9.13	   11.99	   12.04	   12.00	   12.01	   12.04	   12.13	   11.99	  
Fe2O3*	   9.26	   9.61	   9.34	   9.21	   9.25	   9.08	   9.28	   10.37	   10.21	   10.39	   10.46	   10.34	   10.33	   10.54	  
MnO	   0.16	   0.18	   0.17	   0.17	   0.18	   0.18	   0.17	   0.19	   0.20	   0.19	   0.19	   0.19	   0.18	   0.19	  
MgO	   16.73	   15.47	   16.64	   16.35	   16.65	   16.11	   16.51	   14.07	   14.15	   14.05	   13.92	   14.02	   14.09	   14.20	  
CaO	   11.28	   11.10	   11.29	   11.37	   11.36	   11.97	   11.35	   11.51	   11.71	   11.57	   11.46	   11.48	   11.47	   11.38	  
Na2O	   1.35	   1.59	   1.41	   1.26	   1.23	   1.45	   1.32	   1.64	   1.65	   1.63	   1.63	   1.57	   1.62	   1.61	  
K2O	   0.59	   0.61	   0.59	   0.59	   0.60	   0.64	   0.59	   0.60	   0.60	   0.59	   0.60	   0.61	   0.59	   0.59	  
P2O5	   0.08	   0.12	   0.08	   0.08	   0.08	   0.07	   0.08	   0.13	   0.12	   0.13	   0.13	   0.13	   0.13	   0.13	  
Cl	  (ppm)	   615	   1648	   1716	   742	   685	   1458	   1182	   1147	   1054	   834	   1670	   1149	   833	   923	  
H2O	  (+)	   0.03	   0.13	   0.01	   0.10	   0.09	   0.08	   0.07	   0.08	   0.09	   0.09	   0.12	   0.12	   0.08	   0.07	  
H2O	  (-­‐)	   1.02	   1.07	   1.17	   1.15	   1.18	   1.29	   1.16	   0.95	   0.95	   0.90	   1.02	   1.08	   0.90	   0.99	  
Mg	  #	   78.09	   75.98	   78.06	   77.69	   77.82	   76.63	   77.81	   72.47	   72.41	   72.48	   72.45	   72.46	   72.85	   72.92	  
	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  
(ppm)	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  
Be	   0.43	   0.54	   0.44	   0.45	   0.46	   0.44	   0.43	   0.57	   0.54	   0.59	   0.60	   0.60	   0.54	   0.56	  
P	   307.92	   423.47	   317.34	   304.43	   299.20	   281.58	   300.91	   441.30	   461.21	   474.95	   485.75	   478.72	   510.89	   521.60	  
K	   4257.40	   3590.03	   4305.33	   3554.75	   3663.06	   3471.97	   3544.07	   3384.62	   2611.42	   3033.15	   3437.30	   3423.64	   4313.06	   4389.19	  
Sc	   45.27	   43.76	   46.00	   46.51	   46.38	   44.31	   45.26	   43.83	   43.15	   44.17	   46.08	   46.17	   44.59	   45.43	  
Ti	   1575.47	   2486.39	   1605.86	   1698.30	   1695.70	   1559.37	   1579.54	   2222.61	   2511.25	   2604.34	   2733.94	   2748.28	   2606.67	   2644.65	  
V	   202.31	   283.67	   204.81	   243.99	   240.98	   225.77	   240.01	   275.56	   276.25	   287.19	   294.16	   283.39	   251.91	   254.83	  
Cr	   1507.79	   1192.99	   1445.25	   1463.89	   1489.68	   1244.74	   1500.64	   996.77	   881.24	   932.37	   937.28	   925.84	   959.78	   976.84	  
Mn	   1221.35	   1323.52	   1251.12	   1296.13	   1295.91	   1178.01	   1267.51	   1360.39	   1349.54	   1401.06	   1443.47	   1399.79	   1372.28	   1401.70	  
Co	   52.44	   52.29	   52.67	   52.74	   52.54	   46.78	   53.03	   50.79	   49.08	   51.29	   52.23	   50.72	   50.77	   52.28	  
Ni	   276.24	   314.90	   278.34	   273.76	   275.58	   220.35	   279.51	   280.87	   264.46	   279.53	   287.71	   279.34	   282.03	   291.31	  
Cu	   41.40	   71.07	   72.45	   83.76	   54.86	   51.51	   51.98	   55.81	   99.90	   50.61	   52.35	   55.46	   44.74	   51.86	  
Zn	   56.60	   51.82	   55.90	   49.23	   48.97	   44.80	   47.30	   51.20	   52.94	   55.67	   57.20	   54.61	   68.40	   68.60	  
Ga	   10.96	   9.28	   11.29	   7.87	   7.76	   7.37	   7.94	   9.65	   9.63	   9.97	   11.06	   9.89	   12.70	   12.81	  
Ge	   1.50	   1.75	   1.55	   1.74	   1.70	   1.61	   1.74	   1.72	   1.68	   1.76	   1.81	   1.68	   1.57	   1.57	  
As	   1.52	   2.58	   1.64	   2.18	   3.33	   2.15	   2.26	   2.45	   2.23	   2.35	   2.55	   2.37	   1.84	   1.92	  
	  	  	  
Rb	   5.52	   9.82	   5.66	   5.68	   5.70	   5.49	   5.73	   7.99	   8.08	   8.42	   8.62	   8.47	   8.48	   8.52	  
Sr	   311.06	   325.24	   317.69	   317.06	   315.59	   296.49	   312.44	   400.96	   405.25	   419.11	   434.43	   430.66	   424.31	   429.81	  
Y	   7.77	   10.98	   8.03	   7.74	   7.68	   7.21	   7.57	   12.16	   12.81	   13.03	   13.69	   13.77	   13.80	   14.02	  
Zr	   17.02	   23.57	   17.48	   16.85	   16.55	   15.37	   16.30	   22.95	   23.57	   24.03	   25.17	   25.52	   25.66	   26.03	  
Nb	   0.22	   0.39	   0.22	   0.24	   0.22	   0.21	   0.23	   0.39	   0.41	   0.42	   0.43	   0.43	   0.43	   0.44	  
Mo	   1.14	   1.08	   1.31	   1.19	   1.29	   1.13	   1.15	   1.07	   0.93	   1.07	   1.04	   1.01	   1.07	   0.92	  
Ag	   0.13	   0.09	   0.11	   0.09	   0.33	   0.07	   0.20	   0.20	   0.12	   0.23	   0.28	   0.21	   0.14	   0.15	  
In	   0.03	   0.04	   0.04	   0.04	   0.04	   0.03	   0.04	   0.05	   0.05	   0.05	   0.04	   0.05	   0.05	   0.05	  
Sn	   0.75	   0.26	   0.75	   0.57	   0.87	   0.92	   0.69	   0.45	   0.53	   1.10	   1.01	   1.12	   0.84	   0.82	  
Sb	   2.93	   2.99	   2.98	   3.08	   3.13	   2.78	   2.87	   2.79	   2.75	   2.89	   2.96	   2.76	   2.98	   3.02	  
Cs	   0.18	   0.34	   0.19	   0.22	   0.21	   0.19	   0.20	   0.26	   0.28	   0.29	   0.28	   0.28	   0.28	   0.28	  
Ba	   71.38	   65.03	   73.00	   75.58	   74.09	   68.28	   72.61	   63.37	   58.90	   61.53	   63.54	   62.96	   62.40	   63.00	  
La	   2.80	   3.69	   2.91	   2.95	   2.93	   2.71	   2.83	   4.38	   4.52	   4.66	   4.85	   4.80	   4.85	   4.88	  
Ce	   6.05	   8.47	   6.16	   6.36	   6.25	   5.77	   6.16	   9.59	   9.87	   10.28	   10.67	   10.39	   10.56	   10.62	  
Pr	   0.90	   1.28	   0.95	   0.96	   0.96	   0.87	   0.92	   1.40	   1.45	   1.49	   1.56	   1.52	   1.54	   1.53	  
Nd	   4.45	   6.28	   4.61	   4.48	   4.52	   4.19	   4.38	   6.34	   6.67	   6.83	   7.07	   7.16	   7.03	   7.06	  
Sm	   1.20	   1.69	   1.27	   1.23	   1.18	   1.09	   1.16	   1.63	   1.69	   1.75	   1.82	   1.86	   1.83	   1.82	  
Eu	   0.37	   0.54	   0.37	   0.37	   0.37	   0.34	   0.36	   0.52	   0.54	   0.57	   0.59	   0.58	   0.59	   0.59	  
Gd	   1.23	   1.87	   1.27	   1.27	   1.28	   1.16	   1.21	   1.85	   1.91	   1.96	   2.06	   2.05	   2.03	   2.08	  
Tb	   0.20	   0.30	   0.21	   0.20	   0.20	   0.19	   0.19	   0.30	   0.32	   0.33	   0.35	   0.34	   0.35	   0.36	  
Dy	   1.34	   1.95	   1.41	   1.39	   1.37	   1.27	   1.30	   2.07	   2.24	   2.30	   2.46	   2.40	   2.44	   2.45	  
Ho	   0.30	   0.42	   0.29	   0.29	   0.30	   0.28	   0.29	   0.45	   0.47	   0.50	   0.51	   0.51	   0.52	   0.53	  
Er	   0.90	   1.30	   0.92	   0.92	   0.90	   0.83	   0.88	   1.43	   1.46	   1.52	   1.59	   1.61	   1.62	   1.60	  
Tm	   0.14	   0.18	   0.13	   0.13	   0.13	   0.12	   0.13	   0.20	   0.22	   0.22	   0.24	   0.23	   0.23	   0.23	  
Yb	   0.86	   1.23	   0.92	   0.87	   0.88	   0.71	   0.82	   1.35	   1.42	   1.44	   1.52	   1.40	   1.50	   1.58	  
Lu	   0.14	   0.19	   0.14	   0.14	   0.14	   0.11	   0.13	   0.22	   0.23	   0.22	   0.24	   0.23	   0.24	   0.25	  
Hf	   0.53	   0.72	   0.54	   0.51	   0.53	   0.43	   0.49	   0.70	   0.72	   0.73	   0.76	   0.72	   0.78	   0.81	  
Ta	   0.01	   0.03	   0.01	   0.01	   0.01	   0.01	   0.01	   0.02	   0.03	   0.02	   0.03	   0.02	   0.02	   0.02	  
W	   0.12	   0.11	   0.13	   0.11	   0.12	   0.12	   0.16	   0.17	   0.13	   0.19	   0.13	   0.15	   0.13	   0.12	  
Pb	   1.77	   2.19	   1.86	   1.85	   1.84	   1.73	   1.85	   2.28	   2.24	   2.28	   2.36	   2.30	   2.23	   2.29	  
Th	   0.57	   0.36	   0.59	   0.49	   0.51	   0.49	   0.54	   0.49	   0.47	   0.49	   0.52	   0.51	   0.55	   0.55	  
U	   0.21	   0.23	   0.21	   0.18	   0.18	   0.18	   0.20	   0.24	   0.24	   0.24	   0.24	   0.25	   0.26	   0.28	  
Table 1.4. Representative Melt Inclusion Analyses 
 
Analysis	  #	   SiO2	   TiO2	   Al2O3	   CaO	   FeO*	   MnO	   MgO	   Na2O	   K2O	   P2O5	   Host	  Mineral	  
65-­‐01A_test	   51.78	   0.04	   29.16	   13.90	   1.24	   0.04	   0.30	   3.32	   0.17	   0.04	   cpx	  
65-­‐01A_1	   50.37	   0.00	   29.82	   14.48	   1.48	   	   0.37	   3.34	   0.14	   	   cpx	  
65-­‐01A_2	   62.08	   0.63	   19.52	   5.94	   4.27	   0.22	   1.78	   4.13	   1.32	   0.22	   cpx	  	  
65-­‐01A_3	   60.37	   0.69	   18.77	   6.61	   6.35	   0.25	   2.16	   3.34	   1.23	   0.25	   cpx	  	  
65-­‐01A_4	   51.85	   0.02	   29.48	   13.80	   1.03	   0.01	   0.24	   3.42	   0.14	   0.01	   cpx	  	  
65-­‐01A_5	   57.51	   0.86	   17.63	   6.63	   10.28	   0.32	   1.73	   3.28	   1.51	   0.32	   cpx	  	  
65-­‐01A_6	   61.05	   0.69	   19.03	   6.73	   4.82	   0.25	   2.97	   3.22	   1.14	   0.25	   cpx	  	  
65-­‐01A_7	   60.12	   0.64	   18.10	   6.75	   6.13	   0.18	   3.48	   3.34	   1.08	   0.18	   cpx	  
65-­‐01A_8	   61.76	   0.71	   18.54	   6.54	   4.88	   0.28	   2.69	   3.26	   1.22	   0.28	   cpx	  
65-­‐01A_9	   63.26	   0.64	   18.94	   6.11	   3.97	   0.28	   2.30	   3.25	   1.16	   0.28	   cpx	  
65-­‐01A_10	   62.80	   0.66	   19.22	   6.36	   3.63	   0.30	   2.30	   3.38	   1.27	   0.30	   cpx	  
65-­‐01A_11	   60.01	   0.59	   18.56	   6.35	   6.47	   0.23	   2.76	   3.72	   1.16	   0.23	   cpx	  
65-­‐01A_12	   60.58	   0.65	   19.03	   6.67	   5.23	   0.28	   2.84	   3.38	   1.18	   0.28	   cpx	  
65-­‐01A_13	   59.83	   0.57	   16.75	   6.98	   7.40	   0.25	   4.40	   2.74	   0.93	   0.25	   cpx	  
65-­‐01A_14	   54.31	   0.56	   16.23	   9.06	   9.90	   0.23	   5.31	   3.27	   0.95	   0.23	   cpx	  
65-­‐01A_15	   51.96	   0.73	   19.03	   10.52	   9.51	   0.30	   3.63	   3.22	   1.02	   0.30	   cpx	  
65-­‐01A_16	   50.22	   0.58	   16.85	   14.02	   10.03	   0.17	   4.74	   2.50	   0.81	   0.17	   cpx	  
65-­‐01D_1	   72.33	   0.10	   17.26	   4.12	   0.42	   0.10	   0.48	   3.74	   1.45	   0.10	   cpx	  
65-­‐01D_2	   70.64	   0.36	   15.58	   1.86	   1.16	   0.11	   0.47	   4.71	   5.07	   0.11	   cpx	  
65-­‐01D_3	   71.03	   0.59	   15.15	   4.03	   1.63	   0.36	   0.50	   2.87	   3.81	   0.36	   cpx	  
65-­‐01D_4	   70.51	   0.53	   15.49	   1.93	   2.14	   0.31	   0.21	   5.75	   3.05	   0.31	   cpx	  
65-­‐01D_6	   71.85	   0.13	   16.85	   3.72	   0.28	   0.26	   0.10	   4.66	   2.11	   0.26	   cpx	  
65-­‐01D_7	   70.97	   0.43	   16.29	   3.68	   1.39	   0.25	   0.66	   4.01	   2.24	   0.25	   cpx	  
65-­‐01D_8	   53.31	   0.03	   28.18	   12.36	   1.14	   0.01	   0.20	   4.54	   0.22	   0.01	   plag	  
65-­‐01D_9	   73.03	   0.19	   15.98	   3.48	   0.61	   0.25	   0.51	   4.07	   1.87	   0.25	   cpx	  
65-­‐01D_10	   53.65	   0.02	   28.01	   12.29	   1.11	   	   0.18	   4.44	   0.30	   	   cpx	  
65-­‐01D_11	   71.50	   0.25	   17.24	   4.66	   0.68	   0.13	   0.79	   3.37	   1.35	   0.13	   cpx	  
65-­‐01D_12	   73.42	   0.58	   13.76	   1.39	   1.91	   0.14	   0.30	   4.25	   4.19	   0.14	   cpx	  
65-­‐01D_13	   68.12	   0.52	   16.60	   1.29	   0.80	   0.36	   0.15	   5.88	   6.19	   0.36	   cpx	  
65-­‐02_1	   48.24	   0.00	   32.12	   16.20	   0.92	   0.01	   0.08	   2.35	   0.07	   0.01	   cpx	  
65-­‐02_2	   45.82	   0.00	   33.75	   17.92	   0.94	   0.04	   0.05	   1.37	   0.08	   0.04	   cpx	  
65-­‐02_3	   54.18	   0.06	   27.60	   11.21	   1.32	   0.03	   0.12	   5.11	   0.38	   0.03	   cpx	  
65-­‐02_6	   68.59	   0.20	   17.52	   1.65	   0.70	   0.25	   0.27	   5.32	   5.46	   0.25	   cpx	  
65-­‐02_7	   55.94	   0.02	   26.76	   9.69	   1.14	   0.02	   0.09	   5.93	   0.41	   0.02	   cpx	  
65-­‐02_8	   71.19	   0.07	   15.52	   1.98	   0.59	   0.27	   0.11	   4.65	   5.63	   0.27	   cpx	  
65-­‐02_9	   54.80	   0.06	   27.47	   10.57	   1.08	   0.01	   0.12	   5.45	   0.43	   0.01	   cpx	  
65-­‐02_10	   64.19	   0.50	   20.18	   0.36	   1.16	   0.35	   0.44	   6.64	   6.15	   0.35	   cpx	  
65-­‐02_11	   64.94	   0.27	   17.44	   4.26	   1.66	   0.25	   2.10	   6.40	   2.62	   0.25	   cpx	  
65-­‐02_12	   68.33	   0.21	   17.02	   1.61	   0.65	   0.42	   0.32	   5.27	   6.12	   0.42	   cpx	  
Table 1.5. Representative Matrix Analyses 
 
	   SiO2	   TiO2	   Al2O3	   FeO*	   MnO	   MgO	   CaO	   Na2O	   K2O	  
65-­‐01A_glass1	   54.59	   0.61	   18.34	   8.42	   0.12	   3.30	   10.00	   2.85	   1.14	  
65-­‐01A_glass2	   54.40	   0.56	   19.00	   7.08	   0.14	   3.95	   10.92	   3.03	   0.89	  
65-­‐01A_glass3	   55.83	   0.60	   18.13	   8.18	   0.14	   3.98	   9.92	   2.98	   1.02	  
65-­‐01A_glass4	   54.67	   0.54	   19.41	   7.75	   0.10	   4.03	   10.58	   2.92	   0.92	  
65-­‐01A_glass5	   55.20	   0.66	   15.51	   9.80	   0.19	   4.84	   9.39	   2.63	   1.22	  
65-­‐01A_glass6	   55.64	   0.61	   16.97	   8.75	   0.15	   4.83	   10.18	   2.90	   0.97	  
65-­‐01A_glass7	   54.73	   0.50	   17.22	   8.68	   0.17	   6.18	   10.15	   2.59	   0.81	  
65-­‐01A_glass8	   54.38	   0.52	   15.87	   8.51	   0.16	   6.94	   11.00	   2.46	   0.78	  
65-­‐01A_glass9	   55.49	   0.62	   18.47	   8.49	   0.14	   3.32	   10.30	   3.04	   1.01	  
65-­‐01A_glass10	   54.23	   0.44	   20.51	   6.62	   0.10	   3.47	   11.21	   3.04	   0.75	  
Average	   54.92	   0.57	   17.94	   8.23	   0.14	   4.48	   10.36	   2.84	   0.95	  
 
 
Table 1.6. Thermobarometry & Oxygen Fugacity 
 
Sample	  #	   Cr#	  (spinel)	   Fo#	  (olivine)	   ∆log(fO2)
FMQ	   T	  (°C)	  
64-­‐01_15	   0.69	   0.91	   1.31	   1201	  
64-­‐01_19	   0.69	   0.91	   1.43	   1107	  
64-­‐01_21	   0.72	   0.91	   1.17	   1270	  
64-­‐01_23	   0.70	   0.91	   1.32	   1093	  
65-­‐01A_15	   0.64	   0.85	   1.79	   1111	  
65-­‐01A_17	   0.56	   0.86	   1.80	   1188	  
65-­‐01A_19	   0.69	   0.89	   1.71	   1148	  
65-­‐01A_21	   0.55	   0.86	   1.94	   1199	  
65-­‐01E_07	   0.79	   0.92	   1.18	   1117	  
65-­‐01E_10	   0.77	   0.91	   1.44	   1196	  
65-­‐01E_24	   0.75	   0.91	   1.88	   893	  
66-­‐01A_09	   0.70	   0.91	   1.13	   1079	  
66-­‐01A_14	   0.66	   0.89	   1.62	   852	  
66-­‐01A_20	   0.70	   0.91	   1.10	   1080	  
66-­‐01A_22	   0.63	   0.91	   2.61	   753	  
66-­‐01B_01	   0.68	   0.91	   1.25	   1006	  
66-­‐01B_08	   0.70	   0.89	   0.75	   1115	  
66-­‐01B_10	   0.70	   0.91	   1.16	   885	  
66-­‐01B_12	   0.69	   0.86	   0.38	   1379	  
66-­‐01B_15	   0.70	   0.91	   0.90	   1087	  
66-­‐01C_05	   0.70	   0.92	   1.06	   1090	  
66-­‐01C_29	   0.68	   0.91	   0.81	   1291	  
66-­‐01D_05	   0.70	   0.91	   1.17	   1140	  
66-­‐01D_17	   0.70	   0.90	   1.02	   1216	  
66-­‐01D_21	   0.68	   0.91	   1.37	   1089	  
66-­‐01D_26	   0.68	   0.91	   1.60	   1132	  
66-­‐01D_28	   0.67	   0.91	   2.21	   718	  
66-­‐01E_16	   0.67	   0.89	   1.77	   810	  
66-­‐01G_01	   0.68	   0.91	   1.24	   1079	  
66-­‐01G_04	   0.69	   0.91	   1.28	   993	  
66-­‐01G_28	   0.70	   0.92	   1.27	   1049	  
66-­‐02_09	   0.70	   0.91	   1.10	   747	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2.1  Introduction  
 
Arc-derived peridotites and mantle exposures in arc localities are extremely 
rare even in well-explored subaerial arcs. The peridotite and pyroxenite xenoliths 
from Ritter are a unique occurrence in the West Bismarck Arc and are among the 
rare occurrences from arcs globally. Previous studies of mantle xenoliths have been 
conducted in arc localities including the Aleutian Arc (Delong et al., 1975; Conrad 
et al., 1983; Conrad & Kay, 1984; Debari et al., 1987), Andean Arc (Gorring & Kay, 
2000; Laurora et al., 2001; Bjerg et al., 2005; Schilling et al., 2005; 2008; Aliani et 
al., 2009; Rivalenti et al., 2004; Conceição et al., 2005), Cascades Arc (Brandon & 
Draper, 1996; Ertan & Leeman, 1996), Honshu Arc (Kushiro & Kuno, 1963; 
Sakuyama, 1984; Goto & Arai, 1987; Umino & Yoshizawa, 1996; Arai et al., 2000; 
Senda et al., 2007; Tasaka et al., 2008), Izu-Bonin-Mariana Arc (Ishii, 1992; 
Parkinson & Pearce, 1998; Ohara et al., 2002; Dare et al., 2009; Michibayashi et 
al., 2009), Kamchatka (Bryant et al., 2007; Ishimaru et al., 2007; Halama et al., 
2009; Ionov, 2010; Soustelle et al., 2010), Kurile Arc (Volynets et al., 1990), Lesser 
Antilles (Parkinson et al., 2003; Vannucci et al., 2007), Philippines (Maury et al., 
1992; Métrich et al., 1999; Arai et al., 2004; Grégoire et al., 2008), Mexican 
Volcanic Belt (Heinrich & Besch, 1992; Luhr & Aranda-Gómez, 1997; Blatter & 
Carmichael, 1998; Mukasa et al., 2007; Housh et al., 2010), Scotia Arc (Pearce et 
al., 2000), Solomon Islands (Ishikawa et al., 2007), Talkeetna (Debari & Coleman, 
1989), Tabar-Lihir-Tanga-Feni (TLTF) Arc (Grégoire et al., 2001; McInnes et al., 
2001; Franz et al., 2002; Kamenov et al., 2008), Tonga Arc (Bloomer & Fisher, 
1987) and Vanuatu (Barsdell & Smith, 1989). This may seem like a good coverage 
of samples but if you consider that there are ~40,000 km of active arc zones, and 
that it is possible to count the number of ultramafic xenolith-bearing localities very 
quickly, these samples become more important. Additional to being the only 
samples of this nature from the New Britain – West Bismarck Arc, this one locality 
delivers a suite of dunites, harzburgites and pyroxenites, all of which display 
evidence of complex histories. The nature of the subarc mantle, and that of arc 
cumulate sequences, is of considerable scientific interest as it provides constraints 
on many of the unresolved questions in geochemistry and igneous petrology, such 
as fundamental mass balance considerations of the differentiated earth; why arcs 
are more oxidised than Mid Ocean Ridge Basalts (MORB); how depleted/re-
fertilised the subarc mantle is; the nature of the melts forming the continental 
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crust; the composition of the primary magma being generated in these 
environments; and if this subarc mantle is rich in the metals which concentrate in 
arc settings. Without the study of samples such as those presented in this chapter 
and the following, researchers are reduced to inferences about the subarc 
environment, typically drawn from primitive arc rocks (or the components thereof) 
that are thought to be derived from these ultramafic lithologies. Arc xenoliths 
remove the process based obscurities and necessary assumptions created by this 
method, and allow for direct, first order observations of the nature of ‘what lies 
beneath’ or perhaps more correctly what lies ‘between’ in terms of a magma and its 
next pulse. Before some of the above geochemical unknowns may be addressed, a 
detailed petrographical study of these xenoliths is vital. It is important understand 
what exactly it is that these rocks represent.  
 
This chapter consists of a detailed petrographical study of a unique suite of 
arc-related samples from the West Bismarck Arc in Papua New Guinea. In 
documenting, investigating and analysing the textures, mineral assemblages and 
melt features of this suite, the aim is to determine the history and genesis of these 
samples and thus deepen the understanding of subarc processes and provide the 
baseline for further geochemical study. The companion piece (Chapter 3) presents 
the major and trace element chemistry of the xenolith mineral assemblage and 
whole-rock major and trace element geochemistry of select samples from this 
xenolith suite. 
 
2.2  Samples 
 
Small submerged satellite cones and rifts are common around the major 
subaerial volcanoes of the Bismarck volcanic arc front. During the 2007 research 
voyage of the Marine National Facility (RV Southern Surveyor) the SS06-2007 
West Bismarck Vents Expedition (WeBIVE) explored these promising submerged 
portions of the Bismarck Arc. Dredging was used to recover rock samples and a 
multibeam swath mapper used to explore the bathymetry and sea floor properties 
of the Arc. A large collection of picrites, peridotite-cored bombs and less commonly, 
pyroxenite-cored bombs, was dredged from 4 of the 5 submarine satellite cones to 
the west of Ritter Island. These are emergent from the debris field of the 1888 
tsunamigenic collapse of the main Ritter cone (see Chapter 1, Section 1.3.1). 
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On Friday 10 August 2007, West Bismarck Dredge #62 (WBD-62) was 
deployed at 1520 and returned to deck at 1625. The dredge recovered a haul of 
fresh scoriaceous olivine-clinopyroxene-plagioclase-phyric basalt, some of which 
had xenolithic cores of peridotite. The dredge recorded no tension bites indicating 
that it sampled unconsolidated material and that Cone #1 may be a cinder cone. 
RV Southern Surveyor then moved ~2½ nautical miles northwest to dredge a 
second acoustically reflective cone (Cone #2). WBD-63 left deck at 1807 and was 
recovered at 1904. The results of the operation mirrored those of WBD-62. The 
dredge showed no tension bites, and recovered a haul of fresh scoriaceous olivine-
clinopyroxene-plagioclase-phyric basalt, some with xenolithic cores of peridotite, 
and muddy volcaniclastic sediment. With excitement levels high amongst the 
igneous petrologists aboard, a decision was made to re-dredge Cones #1 and #2, in 
order to recover additional xenolithic material. WBD-64, at Cone #2, was deployed 
at 1928 and recovered at 2015, and WBD-65, at Cone #1, commenced at 2107 and 
concluded at 2210. Both dredges gave similar results to WBD-62 and WBD-63. 
Shortly after midnight, the vessel moved ~1½ nautical miles to the northwest of 
Cone #2 to dredge Cone #3, a feature on a ridge that runs northeast from Umboi 
Island. WBD-66 was deployed at 0032 and recovered at 0130, with a load of Fe-
oxide stained vesicular olivine-phyric basalt and muddy volcaniclastic sediment. As 
the science watch changed, RV Southern Surveyor moved 1½ nautical miles east to 
dredge another volcanic cone (Cone #4). WBD-67 left deck at 0204 and was 
completed at 0305. The dredge recovered at least 30 kg of peridotite xenoliths 
wrapped in fresh, glassy basalt, as well as one eroded piece of more massive 
weathered basalt, and a galatheid crab (Arculus, 2007). 
  
The sample set selected for study and presented in this chapter comprises 
36 fresh xenoliths recovered from the dredging of Cones #1, #2 and #4. 
 
2.3  Analytical Methods 
 
2.3.1 Scanning Electron Microscopy 
 
Thin sections and mineral mounts of Cr-spinels (see Chapter 3 for mineral 
separation methods) were imaged on the scanning electron microscope (SEM) at 
the School of Earth Sciences, University of Bristol which operates a Hitachi S-
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3500N variable pressure microscope equipped with an EDAX Genesis energy 
dispersive spectrometer (EDS X-ray detector). 
 
2.3.2 Melt Inclusion Analysis 
 
Interstitial melt and melt inclusions hosted in Cr-spinel were analysed for 
their major elements by a Cameca SX100 wavelength-dispersive electron 
microprobe (EMP) at the School of Earth Sciences, University of Bristol. Analyses 
were performed with a 20–40 nA, 15 kV defocused beam (≥ 10 mm diameter) and 
reduced counting times for Na to reduce alkali loss during irradiation (Humphreys 
et al., 2006). 
 
2.4  Petrography 
 
This study contains analyses from 36 xenoliths almost spanning the full 
modal range of <1 to 99 percent olivine. None of the samples contain alteration or 
weathering. There is no serpentinisation and the contact between host magma and 
xenolith is preserved. This is a remarkably fresh study suite. A majority of the 
xenoliths sampled are peridotites comprising a continuum from dunite (90-99% 
olivine) to harzburgite (71-89% olivine, with orthopyroxene as the next major 
mineral). Also sampled were 4 pyroxenites, and 1 gabbro. Full-size scans of the 47 
thin sections from the xenoliths of this study in plane-polarised and cross-polarised 
transmitted light are given in Appendix A. Samples with rock type, modal 
percentage estimates and textural classifications are presented in Table 2.1. 
Except when identified with a scale-bar, the images presented are scans of a 
standard petrological thin section 26 x 48 mm. 
 
2.4.1 Rock Descriptions  
 
Harzburgites and Dunites 
 
The peridotites of this study are all spinel-bearing and garnet-free. 
Euhedral or large primary clinopyroxene crystals are not observed but 
clinopyroxene is present as exsolution lamellae and as a re-crystallisation product. 
No amphibole, apatite or phlogopite has been observed. Orthopyroxene contents of 
the peridotites range from <1 to 20%. There are deformation and tabular fabrics 
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present in some samples, but a majority have no preferred crystal orientation and 
there is no evidence of zoning in the major crystal phases. 
 
Spinel is ubiquitous but forms a low modal percentage of the xenoliths (0.5-
2%) compared with fertile mantle peridotite (Pearson et al., 2003; Ionov, 2007). 
There are three types of spinel present in these xenoliths. Euhedral spinel ranging 
in size up to ~1 mm, is present in 26 samples. The spinel displays characteristic 
isotropic nature, high relief, no cleavage, and is black in colour. However, there are 
also two other types of spinel with far more complex textures and petrological 
histories: symplectic spinel is present in 4 samples (Fig. 2.1). This texture comes in 
numerous forms and has been described in the literature (Bell et al., 1975; Arai, 
1978; Putnis, 1979; Moseley, 1984). Symplectic spinel in the peridotites of this 
study is commonly associated with clinopyroxene and is most likely a subsolidus 
reaction product. This type of spinel has vermicular form and is observed as 
intergrowths with clinopyroxene. Spinel-pyroxene symplectite has been interpreted 
to be a garnet pseudomorph (Kuno, 1967; Aoki, 1971; Bell et al., 1975) meaning 
that these rocks may have contained garnet as a stable Al-phase. The samples that 
have this type of symplectic texture (67-02B(2), 67-02B(4), 67-02B(5) and 67-
02D(4)) may therefore have originated in the garnet stability field and could have 
experienced pressures of re-equilibration higher than 1.8-2 GPa (e.g.; O'Neill, 1981; 
O'Neill & Wall, 1987). The symplectic spinel of sample 67-02D(4) is coarser in 
texture suggestive of recrystallisation to spinel and orthopyroxene from finer 
textures such as those in 67-02B(2), 67-02B(4) and 67-02B(5). Also present is spinel 
that includes pervasive melt inclusions. There is dissolution on spinel rims (Fig. 
2.1b), melt pockets, trails and channels across grains (Fig. 2.1c). Some grains have 
been almost entirely reacted (Fig. 2.1a) but reaction just on the spinel rims is more 
common. These textures are presented with complementary images in section 
2.4.3. 
 
 The olivine ranges in grain-size from >>2 mm to <0.1 mm. The larger grains 
are predominantly anhedral to subhedral and contain undulose extinction or kink 
banding (Fig. 2.3). Strain induced elongation is often present in the larger olivine 
porphyroclasts. And these porphyroclasts often exhibit distinct sub-grains.  
  
In all samples, there is a low modal abundance (<2%) of clinopyroxene with 
small grain-size <500 µm (with the exception of wehrlites 62-02(1) and 62-02(3) 
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which have large (replacive?) clinopyroxene grains and a 20-40% modal content). 
Different textural types of clinopyroxene are recognised; clinopyroxene is present 
as an exsolved phase in orthopyroxene (Fig. 2.2a-b), along grain boundaries and as 
part of spinel/clinopyroxene intergrowths (Fig. 2.2c-f).  
 
  
  
Figure 2.1. Symplectic spinel (white), with clinopyroxene (light grey) and olivine 
(dark grey). a) 67-02B(2). b) 67-02B(4). c) 67-02B(5). d) 67-02D(4). 
 
 
 Coarse orthopyroxene commonly has exsolution lamellae which 
occasionally exhibits wavy deformation. These are abundant, fine clinopyroxene 
lamellae. Clinopyroxene and spinel as minor phases are commonly in direct contact 
with large orthopyroxene grains. The clinopyroxene in the coarse harzburgite 
occurs either in small interstitial pockets, usually in the vicinity of coarse 
orthopyroxene, or as very small anhedral grains tracing the contours of primary 
orthopyroxene. These features link the clinopyroxene formation to unmixing of 
initially Ca-rich coarse orthopyroxene, probably on cooling. No crosscutting 
clinopyroxene-rich veins are noted in the xenoliths of this study. Large-scale 
replacement of orthopyroxene by clinopyroxene is only observed in the two 
‘wehrlites’ noted above. 
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Some secondary processes observed include pyroxenite veining, host basalt 
invasion, and the presence of fine-grained domains in relatively coarse matrices, 
some of which can be described as mortar texture (a fine-grained recrystallisation 
product). Common recrystallisation products are secondary orthopyroxene and 
spinel. These secondary minerals commonly form in two ways, either by fracturing 
resulting in partial to complete breakdown and recrystallisation of coarse olivine 
and orthopyroxene or through the intrusion of extraneous materials. The 
pyroxenite veins cross cut the peridotites are orthopyroxene-rich with minor olivine 
and clinopyroxene. These processes are discussed in more detail later. 
 
  
  
  
Figure 2.2. Key textures in the peridotites. a) & b) Exsolution lamellae of 
clinopyroxene in orthopyroxene. c) & d) Fine grained recrystallisation after mineral 
breakdown. e) & f) Secondary clinopyroxene growth. 
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Figure 2.3. Undulose extinction in olivine grains. 
 
Peridotite xenoliths range from fine- to medium-grained, with textural 
classifications of coarse, porphyroclastic and granuloblastic (textural definitions 
from Harte (1977), with reference to Mercier & Nicolas (1975)).  
 
Wehrlites 
 
Both wehrlites (Fig. 2.4) have porphyroclastic textures but evidence of 
extensive secondary processes including fine-grained zones and clinopyroxene 
growth at the expense of olivine and orthopyroxene. Similar fine-grained zones also 
occur extensively in the harzburgite 67-02A(3) and show a local preferred crystal 
orientation. 
 
Pyroxenites 
 
Five pyroxenites (62-02(2), 65-01B, 67-02A(1) and 67-02B(6)) from Cone #1 
and #4 were sampled. These pyroxenites occur as discrete xenoliths enclosed by the 
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same arc-related magma as the peridotite suite. Samples 62-02(2), 65-01B and 67-
02B(6) are similar in mineralogy with a slightly higher ratio of orthopyroxene to 
clinopyroxene and minor amounts of olivine and spinel. 67-02A(1) is a coarse-
grained orthopyroxenite with minor clinopyroxene, olivine and spinel.  
 
  
Figure 2.4. The 2 wehrlites sampled. a) 62-02(1). b) 62-02(3). 
 
 
The pyroxenites can be distinguished by their mosaic textures and are 
equigranular with the exception of some extremely fine-grained recrystallisation 
along select grain boundaries. Grain boundaries can be both curvilinear and 
straight, and often converge at 120° triple points. Exsolution lamellae are observed 
in orthopyroxene and clinopyroxene, a demonstration that after initial 
crystallisation the pyroxenes re-equilibrated to lower temperatures. Poly-stage 
pyroxene growth history is indicated by the existence of rounded relicts of optically 
continuous orthopyroxene hosted by clinopyroxene. The crystal boundaries in the 
orthopyroxenite are predominantly subhedral with extensive crystal fractures and 
clinopyroxene lamellae in orthopyroxene.  
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Figure 2.5. Key textures in the pyroxenites. a) 120° triple point crystal junctions. b) 
Rounded relicts of opx in cpx. c) Intersecting exsolution lamellae. d) Strained 
orthopyroxene and fine-grained recrystallisation along grain boundaries. 
 
2.4.2 Textural Analysis 
 
Granuloblastic 
 
Three samples are categorised as granuloblastic, 62-01(1), 62-01(2) and 62-
02(4). The samples all have very few porphyroclasts and consist of a single 
generation of minerals. Grain size is <2 mm. There are two types of granuloblastic 
texture, tabular (strong fabric) and equant mosaic (poor fabric). Equant mosaic is 
the only granuloblastic texture represented in this rock suite. Grain boundaries are 
often straight and converge at 120° triple points. Clinopyroxene and spinel are 
scattered, with spinel also forming rare spherical inclusions inside the olivine and 
orthopyroxene. This is thought to be the result of mineral growth, recrystallisation 
and deformation around spinel grains that have been previously scattered 
mechanically.  
 
  
Figure 2.6. Typical granuloblastic textures. a) 62-01(1). b) 62-01(2). 
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Mosaic 
 
 Three samples are categorised as mosaic-textured, 65-01B, 67-02A(1) and 
67-02B(6). This is also a texture in which mineral grains are roughly 
equidimensional or equant. The minerals in these samples have an approximately 
polygonal shape and lack pronounced flattering or elongation. All of the 
pyroxenites are classified as mosaic or mosaic-porphyroclastic (62-02(2)). The usage 
of these terms has links to the presence of (or lack of) relict porphyroclasts, which 
of course does not relate to the formation of these pyroxenites, but is a useful 
textural descriptor for these isometric samples.  
 
  
Figure 2.7. Typical mosaic textures. a) 67-02A(1). b) 67-02B(6). 
 
 
Porphyroclastic 
 
Porphyroclastic textures dominate the xenolith suite. 23 samples are 
categorised as porphyroclastic, with the proportion of olivine occurring as 
porphyroclasts in relation to those in a finer-grained neoblastic matrix being 
greater than 10%. The porphyroclastic rock types are a continuum of harzburgites 
to dunites with large and strained mineral grains or aggregates of these. Markedly 
smaller, unstrained mineral grains often surround these large grains. These large 
grains are relicts and indicate the nature of the rock prior to deformation. This is 
evidence of syn- and post-tectonic recrystallisation with the two types of olivine and 
orthopyroxene crystals making up this suite. The large, often elongate and strained 
grains are the porphyroclasts, with the small, polygonal and strain-free matrix 
grains the ‘neoblasts’. The grain-size of neoblasts is variable in this suite ranging 
from very fine-grained (<0.1 mm) to medium-grained (>0.5 mm). Some spinel 
grains display a distinctive “holly leaf” shape and are surrounded by olivine. This 
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implies that the spinel has been mechanically scattered so that it is no longer in 
exclusive contact with orthopyroxene. These samples are likely formed by 
deformation and partial recrystallisation of ‘coarse’ rocks (see below).  
 
  
Figure 2.8. Typical porphyroclastic textures. a) 63-01(1). b) 67-02E(1). 
 
 
Porphyroclastic – Coarse 
 
Six samples are categorised as coarse or represent a transition from coarse 
to porphyroclastic, 67-02A(4), 67-02A(6), 67-02B(2), 67-02B(4), 67-02D(3) and 67-
02D(6). These samples are dominated by mineral grains >2 mm and are all dunitic 
in modal composition. There are varying levels of strain evident in the samples. 
This manifests as undulose extinction and sub-grains of olivine.  There is minor 
polygonisation and recrystallisation of larger crystals into aggregates of multiple 
grains. Olivine has curvilinear grain boundaries. Some recrystallisation is observed 
and indicates a transition towards porphyroclastic types, but no large strained 
grains are completely surrounded by smaller grains required for this classification.  
 
  
Figure 2.9. Typical coarse textures. a) 67-02A(4). b) 67-02A(6). 
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Deformed 
 
Sample 67-02E(4) appears to be a deformed xenolith (Fig. 2.10b) with 
textures suggesting it has experienced intense shearing and/or folding. The fine-
grained nature of this sample only allows for limited mineral grain analyses. The 
sample is thought to be an altered harzburgite transformed to secondary 
orthopyroxene. Mineral phases other than orthopyroxene have not been identified 
in this xenolith, so this sample has been classified as a recrystallised pyroxenite for 
the purposes of this study. Acicular (fibrous) orthopyroxene veining occurring in 
other samples (e.g. 67-02E(3); Fig. 2.10a) has textures that are comparable to those 
observed on a larger scale in 67-02E(4) (Fig. 2.10b).  
 
  
Figure 2.10. a) Acicular (fibrous) orthopyroxene veining in 67-02E(3). b) 67-02E(4), 
a recrystallised xenolith. This sample consists predominantly of orthopyroxene 
with a similar texture to the veining in sample 67-02E(3). 
 
 
2.4.3 Melt Infiltration and Inclusions 
 
 There are abundant trapped melts in these xenoliths. They occur primarily 
as inclusions, but also as melt pockets and channels and also along grain 
boundaries. Fig. 2.11 shows the wide range of spinel-hosted melts and melt 
textures that exist in the sample suite. Table 2.2 provides detail for accessory 
minerals, melt inclusions and basic commentary on secondary processes on a 
sample-by-sample basis. Analyses of the trapped melts are presented in Table 2.3 
with figures below, and are categorised as either spinel-hosted or as interstitial 
melt.  
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 The melt areas analysed were not homogenised, but analyses are only taken 
from homogenous inclusions (i.e. no daughter minerals present). Chemically, these 
melts are quite different to the Ritter picrite suite (Chapter 1) but are within the 
range of erupted lavas in other parts of the West Bismarck-New Britain Arc. When 
plotted on a total alkali vs. silica diagram (Fig. 2.12), both the spinel-hosted glass 
(formerly melt) inclusions, and the free ‘interstitial’ melts (now glass) plot at high 
SiO2 compositions in the andesite field with some of the spinel-hosted melts 
classified as dacitic. 
 
  
  
  
Fig 2.11. Melt textures associated with spinel grains. a) Pervasive dissolution of 
spinel grains. b) Dissolution textures on spinel grain rims. c) Two spinel grains 
containing melt pockets and channels.  
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Although the compositions of the spinel-hosted melt and the interstitial 
melt cluster, there are two clear trends in the data. The spinel-hosted melt 
inclusions are slightly more evolved than the interstitial melt and the majority of 
analyses fall within the low-K field of Gill (1981), unlike the interstitial melt which 
plot mainly in the medium-K field, and at a generally higher total alkali 
composition (Fig 2.12). Both melt types are low-Fe by the classification of Arculus 
(2003) with the interstitial melts slightly more Fe-rich than the spinel-hosted ones 
(Fig 2.14). 
 
Figure 2.12. Total Alkali vs. Silica Diagram for melt inclusion and interstitial melt 
analyses. Orange squares, mineral hosted melt. Purple squares, interstitial melt. 
 
 
  
Figure 2.13. Examples of interstitial melts. a) Location of analysis #67-02B(2)_5. b) 
Location of analysis #67-02B(2)_11.  
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Figure 2.14. Harker diagrams for mineral-hosted melt inclusions (pink circles) and 
interstitial melt (blue squares). a) SiO2 vs. MgO. b) SiO2 vs. TiO2. c) SiO2 vs. CaO. 
d) SiO2 vs. Al2O3. e) SiO2 vs. P2O5. f) SiO2 vs. Na2O. g) SiO2 vs. K2O. i) SiO2 vs. 
FeO*/MgO. 
 
 
These melts have TiO2 <0.5 wt%, similar to the host magma (see Chapter 1) 
and akin to boninites, however MgO ranges from 2.68–7.71 wt% with one exception 
at 8.06 wt% so these melts do not meet the high-Mg classification criteria of Le Bas 
(2000). These melt compositions are indicative of a combination of a high-SiO2 melt 
percolating through these rocks, being trapped along grain boundaries and reacting 
with spinel inducing partial melting. This process could also be due to transient 
localised melting as the rocks have ascended hot and fast. These rocks may have 
trapped intercumulus melts, which have been variously fractionated, or these rocks 
could have trapped a range of melts representing a whole arc melt evolution trend. 
However, the possibility that one xenolith suite has trapped this enormous 
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compositional range of percolating melts is unlikely. The wide geochemical range 
presented here is more likely explained by a single magma being trapped at 
different evolutionary stages or a cumulate or mantle sequence trapping a melt 
which then has evolved. The inter-grain melts are very vesicular so may have 
evolved a fluid, presumably during ascent. It is unclear why these inclusions are 
present only in spinel and not in other phases. These melt inclusions are a 
promising further study but beyond the scope of this research. 
 
2.5  Discussion 
 
From the petrographical analysis it is clear that there are multiple 
lithologies represented in this xenolith suite and it is important to classify these 
clearly for the context of further petrological studies. The peridotite samples fall 
into two broad groups, mantle residues and re-equilibrated samples, with a third 
category of those that have been altered by secondary melt infiltration processes so 
that their geochemical composition is affected. This third group is particularly 
important to isolate when introducing the geochemical studies of the following 
chapter. In studying a smaller sample set taken from the master sample suite 
presented in this body of work, Tollan (2014) identifies two categories, ‘residual’ 
and ‘reacted’. The term ‘reacted’ is a blanket term in which both the re-equilibrated 
and contaminated samples of this study would fall. It is important to have separate 
categories for these samples so no source or process is obscured.  
 
The following classification of samples is also presented as a summary list 
in Chapter 3 (Table 3.1).  
 
2.5.1  Residual 
 
The term residue commonly refers to the geochemical composition (highly 
refractory = high MgO, low Al2O3 and CaO in the bulk rock) and mineralogy (i.e. 
harzburgite to dunite), meaning a more fertile peridotite from which mafic melt 
has been extracted. The clearest candidates to be peridotitic residues are the 
samples that are texturally defined as coarse. In the 6 samples categorised as 
coarse or a transition from coarse to porphyroclastic, there are clear residual 
textures such as kink banding in olivine and large relict grains with the beginnings 
of fine-grained recrystallisation, and all are modally identified as dunite.  
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2.5.2  Re-equilibrated 
 
All of the samples that have been identified as granuloblastic, can be 
considered as re-equilibrated. These samples have experienced extensive to 
complete recrystallisation of all minerals in what was thought to have been an 
originally porphyroclastic texture. This recrystallisation leads to relatively 
constant amounts of grain growth and these grains appear to have little 
subsequent deformation. These rocks are now dunites and may represent dunitic 
melt channels that were conduits for focused melt flow. Dunitic melt channels form 
through interaction with ascending magma and mantle wall rock (Kelemen et al., 
1992). These could also be ultra-refractory residues or cumulates; the mineral 
chemistry in Chapter 3 will be used to assess this. 
 
The large group of porphyritic samples have a less clear history. They may 
be peridotitic residues with varying degrees of re-equilibration/recrystallisation 
and/or mantle wall rock - magma interaction like in the dunitic channels. As 
identified in Kelemen et al. (1992) the composition of many mantle harzburgites 
and orthopyroxene-rich peridotites can only be accounted for by melt-rock 
interaction with orthopyroxene and olivine secondary precipitates. In other words 
the sub-arc mantle should not necessarily be viewed as depleted, because 
alternatively, it could be enriched by a melt-rock reaction process involving the 
transportation of silica and incompatible trace elements to the lithosphere from 
deeper in the mantle. Chapter 3 will address both possible origins of the 
porphyritic dunites and harzburgites.  
 
2.5.3  Contaminated 
 
These samples not only feature varying degrees of re-
equilibrated/recrystallisation (coarse to porphyritic to granuloblastic) but have also 
been affected by secondary processes as noted in Table 2.2 and section 2.4. These 
secondary processes are due to melt intrusion by the host magma. This is a post-
mantle process, thought to occur in magma chambers, and so affects temperature 
and oxygen fugacity estimates. This will be taken into account in the following 
chapter.  
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The main indicator for contamination in these rocks is the formation of 
secondary clinopyroxene (Fig. 2.15) at the expense of orthopyroxene and olivine, 
the formation of secondary orthopyroxene and the link between secondary 
orthopyroxene and pyroxenite veining. Through either host glass infiltration and 
reaction or crystallisation from a fluid agent with high initial SiO2, fine-grained 
(primarily orthopyroxene) veins have formed. Bénard & Ionov (2013) describe two 
major opx-rich vein types, ‘rapidly crystallised’ and ‘reactive’ in the Avacha 
peridotitic rocks. These types are observed in the Ritter peridotites also (Fig. 2.16). 
 
  
Figure 2.15. Reaction textures in 62-02(1). a) Secondary clinopyroxene. b) 
Breakdown of olivine. 
 
Samples 62-02(1), 62-02(3), 67-02A(3) and 67-02A(5) are the most affected 
by host magma intrusion (Fig. 2.17).  Samples 62-02(1) and 62-02(3) are the 
samples described as wehrlites in 2.4.1. It can be seen in the context of 
contamination that these textures are products of recrystallisation, likely due to 
interaction with a siliceous melt, or the host magma, and that the clinopyroxene 
contents are indeed secondary, with these samples likely to be modified 
harzburgites.  
 
  
Figure 2.16. The two types of veining present in these samples. a) Thin ‘rapidly 
crystallised’ opx-rich vein. b) ‘Reactive’ opx-rich vein.  
Chapter 2 – Peridotite & pyroxenite xenoliths from an active arc setting: Part 1 
	  
 89 
  
  
  
  
Figure 2.17. Most contaminated samples in the rock suite in both polarised and 
plain light. a) 62-02(1). b) 62-02(3). c) 67-02A(3). d) 67-02A(5).  
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Samples 63-01(2), 63-01(3), 67-02B(3), 67-02B(5), 67-02D(5), 67-02E(2) and 
67-02E(3) are also moderately affected. The combination of these contaminated 
samples forms a group that will be considered separately when interpreting the 
geochemistry of these rocks. As identified in section 2.4.2, the recrystallised 
pyroxenite sample 67-02E(4) resembles that of the orthopyroxenite veining in 
sample 67-02E(3) and is interpreted to represent the ultimate stage of 
recrystallisation due to interaction with host magma.  
 
2.5.4  Pyroxenites 
 
 There are three main processes suggested for the formation of arc 
pyroxenites. They can form as cumulates in the lower crust (Debari & Coleman, 
1989; Schiano et al., 2000), from recycled oceanic crust (Polvé & Allègre, 1980; 
Allègre & Turcotte, 1986), or through melt-rock reaction with peridotite (e.g. 
Kelemen et al., 1992; Smith & Riter, 1997; Garrido & Bodinier, 1999). 
 
  
  
Figure 2.18. Pyroxenite samples in polarised light. a) 62-02(2). b) 65-01B. c) 67-
02A(1). d) 67-02B(6).  
 
 
 The four pyroxenite samples of the Ritter suite have a similar texture and 
are classified as mosaic-porphyroclastic to mosaic. As detailed in the textural 
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analysis, samples 62-02(2), 65-01B and 67-02B(6) are similar in mineralogy with a 
slightly higher ratio of orthopyroxene to clinopyroxene and minor amounts of 
olivine and spinel. Samples 65-01B and 67-02B(6) the most equigranular samples 
and are very similar in appearance. 67-02A(1) is a coarse-grained orthopyroxenite 
with minor clinopyroxene, olivine and spinel. Geochemistry will be undertaken to 
determine whether these samples underwent the same or different processes of 
formation, and which of the processes (see list above) they are attributed to. 
 
2.5.5  Geological Timing 
 
 The geological history of these samples is challenging to unravel on the 
basis of petrography alone, but a few key observations can be made before the 
mineral and bulk rock chemistry are presented in the next chapter.  
 
In a general sense, these samples are predominantly highly refractory 
dunites and harzburgites. It is therefore likely that there was an early partial 
melting and melt extraction event, from a more fertile precursor. The samples are 
variably deformed from porphyroclastic through to fully re-equilibrated. The timing 
of re-equilibration is hard to qualify but can be presumed to be post-melt 
extraction. There is evidence of cooling (exsolution lamellae in the pyroxenes) in 
this sample suite. Wavy exsolution lamellae are present in coarse porphyroclastic 
orthopyroxene. This suggests that cooling occurred prior to or during 
recrystallisation. There are no exsolution lamellae present in orthopyroxene 
neoblasts. The symplectic spinel is evidence of decompression due to garnet 
breakdown. The fact that there is some preservation of these delicate textures 
places the timing of decompression as a relatively recent event. Many samples 
have evidence of melt intrusion and interaction associated with host magmatism. 
There is evidence of recrystallisation (orthopyroxenite veining) but melt interaction 
is still assumed to be a more recent event with the cross cutting relationship of 
veins in the samples.  
 
Melt interaction, and the other events identified in the paragraph above, 
may be multi-stage, with some of these processes only occurring in certain samples, 
and other samples experiencing all events, multiple times. Thinking of the 
petrographical observations presented in this chapter in terms of order of events 
will be important when creating an overall framework or history for this suite.  
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2.5.6  Origin 
 
A majority of previously discovered ultramafic xenoliths are described as 
being from the mantle wedge (Kepezhinskas et al., 1996; McInnes et al., 2001; Arai 
et al., 2004 and references therein), referring to the convecting asthenospheric 
mantle, not mantle component of the overriding lithosphere. This does not appear 
to agree with the reported thermometry results which indicate that a large 
majority of the samples in the literature have re-equilibrated at relatively shallow 
mantle depths at temperatures of ~900 °C, and thus are likely to be in the 
lithospheric domain when sampled by the host magma, given the current 
knowledge of geothermal gradients in the arc (sub-) crust (e.g.; Kelemen et al., 
2003). Determining an asthenospheric vs. lithospheric origin is difficult for 
peridotites. The peridotite samples of this study are spinel-bearing with no garnet, 
so derive from the spinel stability field, with pressure not able to be constrained 
further. Shearing & mosaic re-equilibration are observed but it is most likely that 
these samples represent a lithospheric sequence of lithologies, some of which have 
re-equilibrated and reacted.  
 
Another consideration is whether or not these samples are true subarc 
residual mantle or if they are arc cumulate in origin. As outlined in McBirney et 
al., (1995) the term "cumulate" has informally evolved to mean “any coarse-grained 
igneous rock whose composition does not correspond to that of a natural silicate 
liquid”. For example, a dunite erupted in an arc lava can be referred to as an 
olivine cumulate. However, whilst accumulation may be the process by which this 
rock has formed, the two alternate origins (residual mantle after partial melting 
and melt-rock reaction) are also plausible. Use of the cumulate terminology 
originally proposed by Wager et al., (1960) can obscure these alternative origins. 
For the purposes of this study, a cumulate is defined as “any rock that forms as an 
accumulation of crystals from magma” and does not include rocks that have 
developed through open-system percolative or metasomatic processes involving 
extensive modification or replacement of textures.  
 
However, it remains no simple task to distinguish these conflicting genesis 
scenarios through textural analysis alone. The non-specificity of high temperature 
deformation textures (e.g. laminations, foliations, lineations and kink-banding), 
low Ca-olivine, idiomorphic rounded grain boundaries after impregnation and 
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corrosion of olivine and poikilitic clinopyroxene often hinders interpretation 
(Nicolas et al., 1980; Arculus, 2007; Li et al., 2011). As a general rule clinopyroxene 
is common in cumulates, and scarce in residual mantle due to removal by partial 
melting. In cumulate textures spinel is associated with olivine and in residual 
mantle spinel clusters with orthopyroxene and clinopyroxene. Both dark red-brown 
to brown Al-rich spinel and opaque, Cr-rich spinel can be present in mantle rocks 
and cumulates. Furthermore, various degrees of host magma infiltration, 
metasomatism, partial melting, dissolution/re-precipitation and replacement all 
lend additional complexity to the interpretation of these lithologies. It is likely that 
the sample suite contains a combination of these processes, due to evidence of all 
the textures described above, as well as the dunitic melt channels, residual dunite, 
and a suite of harzburgites and dunites that have varying levels of reaction 
textures. 
 
2.6  Conclusions 
 
Ritter samples give us a unique opportunity to view what lies below an 
active arc volcano. These xenoliths are extremely complex lithologies and from a 
modelling point of view, these details of the sub-arc are intimidating to incorporate. 
Other arc locations (e.g. Tubaf, TLTF Arc) have similar complexities and a lengthy 
history including melt depletion, melt invasion, re-equilibration, recrystallisation, 
and shearing. It is important to characterise rocks like this to gain a greater 
understanding of the make up and evolution of crust-mantle arc sections. 
 
Many of the outstanding questions identified in the discussion are 
addressed in Chapter 3, where complementary geochemical data, thermometry and 
redox calculations are presented. These peridotite and pyroxenite data will be 
presented with the peridotites separated into the three groups outlined above: 
“residual”, “re-equilibrated” (highlighting the dunitic melt channel candidates) and 
“contaminated”. Further commentary and discussion on process and origin will be 
presented in conjunction with the chemistry of this suite. 
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Table 2.1 Modal Mineralogy, Rock Classification and Texture. 
 
Sample	   Rock	  Type	   Olivine	   Orthopyroxene	   Clinopyroxene	   Spinel	   Texture	  	   Evidence	  of	  secondary	  processes?	  	  
	   	   	   	   	   	   	   	  62-­‐01(1)	   Dunite	   98	   <1	   <1	   <1	   Granuloblastic	   No	  
62-­‐01(2)	   Dunite	   98	   <1	   <1	   <1	   Granuloblastic	   No	  
62-­‐02(1)	   Wehrlite	   54	   5	   40	   <1	   Porphyroclastic	   Yes,	  extensive	  
62-­‐02(2)	   Pyroxenite	   <1	   52	   48	   <1	   Mosaic	  –	  Porphyroclastic	   No	  
62-­‐02(3)	   Wehrlite	  	   75	   4	   20	   <1	   Porphyroclastic	   Yes,	  extensive	  
62-­‐02(4)	   Dunite	   99	   <1	   <1	   <1	   Granuloblastic	   No	  
63-­‐01(1)	   Dunite	   90	   9	   <1	   <1	   Porphyroclastic	   No	  
63-­‐01(2)	   Dunite	   97	   <2	   <1	   <1	   Porphyroclastic	   Yes,	  moderate	  
63-­‐01(3)	   Harzburgite	   88	   11	   <1	   <1	   Porphyroclastic	   Yes,	  moderate	  
63-­‐01(4)	   Harzburgite	   86	   12	   <1	   <1	   Porphyroclastic	   No	  
65-­‐01B	   Pyroxenite	   <1	   59	   40	   <1	   Mosaic	   No	  
67-­‐02A(1)	   Pyroxenite	   <1	   90	   9	   <1	   Mosaic	   No	  
67-­‐02A(2)	   Dunite	   91	   7	   <1	   <1	   Porphyroclastic	   No	  
67-­‐02A(3)	   Harzburgite	   87	   12	   <1	   <1	   Porphyroclastic	   Yes,	  extensive	  
67-­‐02A(4)	   Dunite	   98	   <1	   <1	   <1	   Porphyroclastic	  –	  Coarse	  	   No	  
67-­‐02A(5)	   Harzburgite	   88	   10	   2	   <1	   Porphyroclastic	   Yes,	  extensive	  
67-­‐02A(6)	   Dunite	   96	   <1	   <2	   <2	   Porphyroclastic	  –	  Coarse	  	   No	  
67-­‐02B(1)	   Harzburgite	   88	   10	   2	   1	   Porphyroclastic	  	   No	  
67-­‐02B(2)	   Dunite	   98	   <1	   <1	   2	   Porphyroclastic	  –	  Coarse	  	   No	  
67-­‐02B(3)	   Harzburgite	   88	   11	   <1	   <1	   Porphyroclastic	   Yes,	  moderate	  
67-­‐02B(4)	   Dunite	   98	   <1	   <1	   <1	   Porphyroclastic	  –	  Coarse	   No	  
67-­‐02B(5)	   Harzburgite	   84	   15	   <1	   <1	   Porphyroclastic	   Yes,	  moderate	  
67-­‐02B(6)	   Pyroxenite	   <1	   54	   45	   <1	   Mosaic	   No	  
67-­‐02B(7)	   Dunite	   94	   5	   <1	   <1	   Porphyroclastic	   No	  
67-­‐02D(1)	   Harzburgite	   89	   9	   <1	   <1	   Porphyroclastic	   No	  
67-­‐02D(2)	   Harzburgite	   83	   16	   <1	   <1	   Porphyroclastic	   No	  
67-­‐02D(3)	   Dunite	   97	   2	   <1	   <1	   Porphyroclastic	  –	  Coarse	  	   No	  
67-­‐02D(4)	   Harzburgite	   89	   10	   <1	   <1	   Porphyroclastic	   No	  
67-­‐02D(5)	   Harzburgite	   89	   10	   <1	   <1	   Porphyroclastic	   Yes,	  moderate	  
67-­‐02D(6)	   Dunite	   98	   <1	   <1	   <1	   Porphyroclastic	  –	  Coarse	  	   No	  
67-­‐02D(7)	   Dunite	   90	   8	   <1	   <2	   Porphyroclastic	   No	  
67-­‐02E(1)	   Dunite	   92	   6	   <2	   <1	   Porphyroclastic	   No	  
67-­‐02E(2)	   Harzburgite	   88	   11	   <1	   <1	   Porphyroclastic	   Yes,	  moderate	  
67-­‐02E(3)	   Harzburgite	   79	   20	   <1	   <1	   Porphyroclastic	   Yes,	  moderate	  
67-­‐02E(4)	   Recrystallised	  Pyroxenite?	   	   100?	   	   	   Deformed	   Yes,	  extensive	  
67-­‐02E(5)	   Dunite	   97	   <2	   <1	   <1	   Porphyroclastic	   No	  
67-­‐02E(6)	   Harzburgite	   90	   9	   <1	   <1	   Porphyroclastic	   No	  
Table 2.2 Commentary on Accessory Minerals, Melt Inclusions and Secondary Processes. 
 
Sample	   Commentary	  on	  accessory	  minerals,	  inclusions,	  and	  secondary	  processes.	  
	   	  62-­‐01(1)	   Spinel	  is	  sub-­‐hedral	  to	  euhedral.	  
62-­‐01(2)	   2-­‐3	  spinel-­‐hosted	  melt	  inclusions.	  No	  late-­‐stage	  dissolution	  at	  spinel	  rims.	  A	  small	  melt	  inclusion	  trail	  in	  olivine	  with	  associated	  fluid	  inclusions.	  Many	  sulphides.	  No	  
contamination	  by	  veining	  or	  host	  magma.	  	  
62-­‐02(1)	   A	  small	  amount	  of	  late-­‐stage	  dissolution	  at	  spinel	  rims.	  Spinel	  ranges	  from	  subhedral	  to	  euhedral.	  Disseminated	  metasomatic	  minerals	  resulting	  from	  strong	  interaction	  
from	  host	  magma.	  Sample	  is	  partially	  assimilated	  by	  host	  magma	  but	  not	  contaminated	  by	  veining.	  	  
62-­‐02(2)	   Coarse,	  late-­‐stage	  melt	  inclusion	  trails	  in	  pyroxenes	  with	  associated	  coarse,	  late-­‐stage,	  CO2-­‐rich	  fluid	  inclusions.	  Disseminated	  metasomatic	  minerals	  in	  host	  magma	  
related	  pockets.	  Sample	  is	  very	  contaminated	  with	  pools	  of	  glass	  and	  host	  magma	  related	  minerals.	  	  
62-­‐02(4)	   2-­‐3	  rounded	  melt	  inclusions	  in	  cores	  of	  spinel	  with	  daughter	  minerals.	  Little	  to	  no	  late-­‐stage	  dissolution	  at	  the	  rims	  of	  spinel.	  Spinel	  is	  euhedral.	  
63-­‐01(1)	   A	  melt	  inclusion	  in	  spinel	  core.	  A	  large	  amount	  of	  dissolution	  at	  spinel	  rims	  and	  along	  trails.	  Spinel	  is	  euhedral.	  Coarse,	  late-­‐stage	  melt	  inclusions	  in	  olivine	  with	  
associated	  fine	  fluid	  inclusions	  along	  trails.	  Sample	  is	  strongly	  contaminated	  with	  fine-­‐grained	  material	  related	  to	  host	  magma.	  
63-­‐01(2)	   2-­‐3	  rounded	  melt	  inclusions	  in	  spinel	  cores	  with	  daughter	  minerals.	  A	  small	  amount	  or	  no	  late-­‐stage	  dissolution	  at	  spinel	  rims	  and	  along	  trails.	  Spinel	  is	  euhedral.	  Fine	  
melt	  inclusion	  trails	  in	  olivine.	  Late-­‐stage	  disseminated	  metasomatic	  minerals.	  Sample	  is	  strongly	  contaminated	  with	  disseminated	  fine-­‐grained	  material	  related	  to	  host	  
magma.	  Clinopyroxenite	  channel.	  
63-­‐01(3)	   Sample	  contains	  orthopyroxenite	  veining	  (low	  Ca	  boninite?)	  with	  associated	  rounded	  melt	  inclusions	  in	  spinel.	  The	  melt	  inclusions	  are	  associated	  with	  late-­‐stage	  melt	  
interaction.	  Spinel	  ranges	  from	  subhedral	  to	  euhedral.	  Variable	  stages	  of	  spinel	  dissolution,	  including	  the	  formation	  of	  channels	  and	  melt	  pockets.	  Fine	  melt	  inclusion	  
trails	  in	  olivine.	  Metasomatic	  minerals	  in	  glassy	  melt	  pockets.	  Sample	  contains	  veining	  associated	  with	  glassy	  melt	  pockets	  (in	  situ	  harzburgite	  melting?).	  
63-­‐01(4)	   Spinel	  is	  euhedral.	  Large	  late-­‐stage,	  CO2-­‐rich	  fluid	  inclusions.	  
65-­‐01B	   Spinel	  is	  euhedral.	  Spinel	  is	  rare	  and	  in	  late-­‐stage	  pockets	  of	  host	  magma.	  Spinel	  contains	  late-­‐stage	  melt	  pockets	  and	  channels.	  Coarse,	  late-­‐stage	  melt	  inclusions	  in	  
pyroxene.	  	  Large,	  late-­‐stage,	  CO2-­‐rich	  fluid	  inclusions.	  Late-­‐stage	  disseminated	  metasomatic	  minerals.	  Sample	  is	  very	  contaminated	  with	  trails	  and	  pools	  of	  host	  magma	  
related	  minerals	  and	  glass.	  
67-­‐02A(1)	   A	  melt	  inclusion	  in	  spinel	  core.	  A	  small	  amount	  of	  dissolution	  at	  spinel	  rims.	  Spinel	  is	  euhedral.	  Fine	  melt	  inclusion	  trails	  in	  olivine	  with	  numerous	  associated	  fine	  fluid	  
inclusions.	  Some	  rare	  fractures	  filled	  with	  host	  magma	  glass.	  Sample	  contains	  a	  fine	  orthopyroxenite	  vein	  (low	  Ca	  boninite?).	  	  
67-­‐02A(2)	   Spinel	  ranges	  from	  anhedral	  to	  subhedral	  with	  dark	  red	  core	  and	  black	  rims.	  A	  small	  amount	  of	  late-­‐stage	  dissolution	  at	  spinel	  rims.	  A	  small	  melt	  inclusion	  trail	  in	  olivine	  
with	  associated	  fluid	  inclusions.	  One	  isolated	  melt	  pocket	  (in	  situ	  harzburgite	  melting?).	  Sulphate	  to	  sulphide	  transformation.	  Sample	  contains	  a	  small	  amount	  of	  
contamination	  with	  glass	  at	  mineral	  rims.	  	  
67-­‐02A(3)	   Spinel	  ranges	  from	  subhedral	  to	  euhedral.	  Spinel	  contains	  late-­‐stage	  channels	  and	  melt	  pockets.	  Fine	  melt	  inclusion	  trails	  in	  olivine	  with	  associated	  fluid	  inclusions.	  
Sample	  is	  strongly	  contaminated	  with	  dissemination	  of	  fine-­‐grained	  material	  related	  to	  host	  magma.	  	  
67-­‐02A(4)	   Spinel	  is	  euhedral.	  Late-­‐stage	  dissolution	  at	  rims	  of	  spinel	  with	  channels	  and	  melt	  pockets	  in	  spinel.	  Fine	  melt	  inclusions	  in	  olivine	  with	  associated	  fine	  fluid	  inclusions.	  
Sample	  is	  strongly	  contaminated	  with	  fractures	  filled	  by	  host	  magma	  related	  material	  and	  related	  disseminated	  fine-­‐grained	  pockets.	  
67-­‐02A(5)	   Spinel	  is	  euhedral.	  Late-­‐stage	  dissolution	  at	  rims	  of	  spinel	  with	  channels	  and	  melt	  pockets	  in	  spinel.	  Coarse,	  late-­‐stage	  melt	  inclusions	  in	  olivine.	  Large,	  late-­‐stage,	  CO2-­‐
rich	  fluid	  inclusions.	  Sample	  is	  strongly	  contaminated	  with	  fractures	  filled	  with	  host	  magma	  related	  material	  and	  disseminated	  fine-­‐grained	  pockets.	  	  
67-­‐02A(6)	   Spinels	  are	  large	  and	  sub-­‐hedral	  to	  euhedral.	  
67-­‐02B(1)	   Spinel	  is	  anhedral.	  Melt	  inclusions	  in	  spinel	  and	  a	  small	  amount	  of	  late-­‐stage	  dissolution	  at	  spinel	  rims.	  Sample	  contains	  very	  little	  contamination.	  	  
67-­‐02B(2)	   2-­‐3	  melt	  inclusions	  in	  spinel.	  Late-­‐stage	  dissolution	  and	  channels	  in	  spinel	  associated	  with	  host	  magma.	  Spinel	  is	  subhedral	  to	  euhedral.	  Fine	  melt	  inclusion	  trails	  in	  
olivine	  with	  associated	  fine	  fluid	  inclusions.	  Sample	  is	  strongly	  contaminated	  with	  fractures	  filled	  by	  host	  magma	  related	  material	  and	  related	  disseminated	  fine-­‐grained	  
pockets.	  NB.	  The	  analysed	  thin	  section	  is	  actually	  ~8%	  spinel	  but	  is	  not	  representative	  of	  the	  whole	  sample.	  	  
67-­‐02B(3)	   Melt	  inclusions	  in	  spinel.	  Late-­‐stage	  dissolution	  at	  spinel	  rims.	  Spinel	  is	  euhedral.	  Fine	  melt	  inclusion	  trails	  in	  olivine	  with	  associated	  fine	  fluid	  inclusions.	  Sample	  is	  
strongly	  contaminated	  with	  thin,	  late-­‐stage	  orthopyroxenite	  veining	  (low	  Ca	  boninite?).	  	  
67-­‐02B(4)	   Spinel	  is	  euhedral.	  Late-­‐stage	  dissolution	  at	  spinel	  rims.	  Fine	  melt	  inclusion	  trails	  in	  olivine	  with	  associated	  fluid	  inclusions.	  Sample	  is	  strongly	  contaminated	  with	  
fractures	  filled	  by	  host	  magma	  material	  and	  related	  disseminated	  fine-­‐grained	  pockets.	  
67-­‐02B(5)	   Spinel	  ranges	  from	  anhedral	  to	  subhedral.	  Late-­‐stage	  melt	  channels,	  pockets	  and	  dissolution	  at	  spinel	  rims.	  Fine	  melt	  inclusion	  trails	  in	  olivine	  with	  associated	  fine	  fluid	  
inclusions.	  Sample	  is	  strongly	  contaminated	  with	  fractures	  filled	  by	  host	  magma	  material	  and	  related	  fine-­‐grained	  pockets.	  
67-­‐02B(6)	   Multiple	  small	  melt	  inclusions	  in	  spinel	  with	  daughter	  minerals.	  Some	  of	  these	  inclusions	  are	  in	  the	  process	  of	  forming	  melt	  channels.	  A	  small	  amount	  of	  dissolution	  at	  
spinel	  rims.	  Spinel	  is	  euhedral	  but	  may	  have	  what	  appears	  to	  be	  trapped	  residual	  melt.	  Spinel	  is	  interstitial	  between	  pyroxenes.	  Melt	  inclusions	  in	  pyroxenes.	  Interstitial	  
glass	  near	  spinel	  and	  between	  pyroxenes.	  Large,	  late-­‐stage,	  CO2-­‐rich	  fluid	  inclusions.	  Sample	  is	  strongly	  contaminated	  by	  host	  magma	  in	  one	  section.	  	  
67-­‐02B(7)	   1-­‐2	  melt	  inclusions	  in	  spinel.	  Late-­‐stage	  dissolution	  at	  spinel	  rims	  clearly	  associated	  with	  host	  magma	  related	  glass.	  Spinel	  ranges	  from	  subhedral	  to	  euhedral.	  Large,	  
late-­‐stage,	  CO2-­‐rich	  fluid	  inclusions	  at	  rims	  and	  along	  melt	  inclusion	  trails.	  Acicular/fibrous	  orthopyroxenite	  vein	  with	  anhedral	  sulphides.	  Orthopyroxene	  being	  replaced	  
by	  orthopyroxene.	  Sample	  is	  strongly	  contaminated	  by	  host	  magma	  related	  orthopyroxenite	  vein.	  
67-­‐02D(1)	   1-­‐2	  melt	  inclusions	  in	  spinel	  cores.	  A	  small	  amount	  of	  late-­‐stage	  dissolution	  at	  spinel	  rims.	  Spinel	  is	  euhedral.	  Sample	  contains	  some	  contamination	  with	  late-­‐stage	  fine-­‐
grained	  material.	  
67-­‐02D(2)	   1-­‐2	  melt	  inclusions	  in	  spinel	  cores	  with	  daughter	  minerals.	  Late-­‐stage	  dissolution	  at	  spinel	  rims.	  Spinel	  is	  fine-­‐grained	  and	  euhedral.	  Sample	  contains	  a	  crystalline	  
enclave	  with	  many	  melt	  inclusions.	  
67-­‐02D(3)	   2-­‐3	  homogeneous	  melt	  inclusions	  in	  spinel	  cores.	  Spinel	  is	  euhedral.	  Fine	  melt	  inclusion	  trails	  in	  olivine	  and	  associated	  fine	  fluid	  inclusions	  and	  late-­‐stage,	  CO2-­‐rich	  fluid	  
inclusions.	  Sample	  contains	  a	  granuloblastic	  dunitic	  channel	  of	  fine-­‐grained	  olivine	  and	  spinel	  (precursor	  to	  low	  Ca	  boninite	  veins?).	  Non-­‐homogeneous	  melt	  inclusions	  
abundant	  in	  the	  fine-­‐grained	  rounded	  spinels	  of	  the	  dunitic	  channel.	  Fine-­‐grained	  late-­‐stage	  orthopyroxene.	  Sample	  is	  contaminated	  with	  fractures	  and	  secondary	  
orthopyroxene	  formation.	  Coarse,	  transparent	  olivine	  grains	  and	  occasional	  spinel	  grains	  which	  is	  cross-­‐cut	  by	  a	  'secondary'	  dunite	  vein	  composed	  of	  well	  mixed,	  finer	  
grained	  olivine	  and	  spinel.	  	  
67-­‐02D(4)	   1-­‐2	  homogeneous	  melt	  inclusions	  in	  spinel	  cores.	  A	  small	  amount	  of	  late-­‐stage	  dissolution	  at	  spinel	  rims.	  Some	  of	  the	  spinel	  dissolution	  is	  forming	  melt	  pockets.	  Spinel	  is	  
anhedral	  (symplectite).	  Fine	  melt	  inclusion	  trails	  in	  olivine	  with	  associated	  fine	  fluid	  inclusions	  and	  coarse,	  late-­‐stage,	  CO2-­‐rich	  fluid	  inclusions.	  Fine-­‐grained	  late-­‐stage	  
orthopyroxene	  growth	  associated	  with	  glass.	  Coarse	  orthopyroxene	  is	  being	  replaced	  with	  acicular	  orthopyroxene.	  	  
67-­‐02D(5)	   Spinel	  originally	  ranged	  from	  subhedral	  to	  euhedral.	  Late-­‐stage	  dissolution	  and	  melt	  pockets	  of	  spinel	  related	  to	  glass	  bearing	  fine-­‐grained	  pockets	  and	  trails.	  Fine	  melt	  
inclusion	  trails	  in	  olivine	  with	  associated	  fine	  fluid	  inclusions.	  Late-­‐stage,	  fine-­‐grained	  veinlets	  and	  metasomatic	  mineral	  aggregates	  that	  include	  secondary	  
orthopyroxene	  and	  melt	  inclusions.	  Sample	  is	  strongly	  contaminated	  with	  these	  veinlets	  and	  pockets	  formed	  after	  the	  intrusion	  of	  host	  magma.	  	  
67-­‐02D(6)	   Spinel	  is	  euhedral.	  Late-­‐stage	  dissolution	  in	  spinel	  with	  melt	  pockets	  to	  glass-­‐bearing	  fine-­‐grained	  pockets	  and	  trails.	  Fine	  melt	  inclusion	  trails	  in	  olivine	  with	  associated	  
fine	  fluid	  inclusions	  and	  coarse,	  late-­‐stage,	  CO2-­‐rich	  fluid	  inclusions.	  Late-­‐stage,	  fine-­‐grained,	  metasomatic	  mineral	  aggregates	  that	  include	  secondary	  orthopyroxene.	  
Sample	  is	  strongly	  contaminated	  with	  glass	  filled	  fractures,	  fine-­‐grained	  veinlets	  and	  pockets	  formed	  after	  the	  intrusion	  of	  host	  magma.	  
67-­‐02D(7)	   Multiple	  heterogeneous	  melt	  inclusions	  in	  spinel.	  There	  is	  a	  small	  amount	  of	  late-­‐stage	  dissolution	  at	  spinel	  rims.	  Spinel	  ranges	  from	  anhedral	  to	  subhedral.	  Fine	  melt	  
inclusion	  trails	  in	  olivine	  with	  associated	  fine	  fluid	  inclusions.	  Late-­‐stage,	  fine-­‐grained,	  metasomatic	  mineral	  aggregates	  that	  include	  secondary	  orthopyroxene.	  Sample	  is	  
strongly	  contaminated	  with	  fine-­‐grained	  aggregates	  that	  formed	  after	  intrusion	  of	  host	  magma.	  
67-­‐02E(1)	   1-­‐2	  melt	  inclusions	  in	  spinel	  cores.	  There	  is	  a	  small	  amount	  of	  late-­‐stage	  dissolution	  at	  rims.	  Spinel	  ranges	  from	  subhedral	  to	  euhedral.	  Rare,	  late-­‐stage,	  fine-­‐grained	  
metasomatic	  mineral	  aggregates	  that	  include	  secondary	  orthopyroxene.	  Sample	  contains	  very	  little	  contamination.	  
67-­‐02E(2)	   1-­‐2	  melt	  inclusions	  in	  spinel	  cores.	  A	  small	  amount	  of	  late-­‐stage	  dissolution	  at	  rims.	  Spinel	  is	  fine-­‐grained	  and	  euhedral	  but	  the	  sample	  also	  contains	  coarse	  anhedral	  
spinel	  (symplectite).	  Proto-­‐fibrous,	  late-­‐stage	  orthopyroxene	  vein.	  A	  small	  amount	  of	  fine-­‐grained	  metasomatic	  recrystallisation	  at	  coarse	  orthopyroxene	  rims.	  Sample	  
contains	  a	  small	  amount	  of	  contamination	  with	  the	  orthopyroxene	  proto-­‐vein	  and	  recrystallisation.	  	  	  	  	  	  
67-­‐02E(3)	   Spinel	  is	  fine-­‐grained	  and	  euhedral	  but	  the	  sample	  also	  contains	  coarse	  anhedral	  spinel	  (symplectite).	  A	  small	  amount	  of	  late-­‐stage	  dissolution	  at	  spinel	  rims.	  Sample	  
contains	  orthopyroxenite	  veining	  (low	  Ca	  boninite?)	  with	  related	  melt	  pockets	  (in	  situ	  harzburgite	  melting?).	  Late-­‐stage	  metasomatic	  minerals	  in	  glassy	  melt	  pockets.	  
67-­‐02E(4)	   Sample	  exhibits	  extensive	  deformation	  textures	  including	  shearing,	  folding	  &	  extremely	  fine-­‐grained	  micro	  fabrics.	  Sample	  is	  not	  disseminated	  but	  altered	  harzburgite	  
transformed	  to	  secondary	  orthopyroxene.	  This	  sample	  represents	  the	  ultimate	  stage	  of	  recrystallisation	  due	  to	  interaction	  with	  host	  magma.	  A	  product	  of	  late-­‐stage	  
melt-­‐rock	  interaction	  at	  a	  high	  ratio.	  
67-­‐02E(5)	   1-­‐2	  homogeneous	  melt	  inclusions	  in	  spinel	  cores.	  There	  is	  a	  small	  amount	  of	  late-­‐stage	  dissolution	  at	  spinel	  rims	  and	  along	  trails.	  Spinel	  is	  fine-­‐grained	  and	  euhedral	  but	  
sample	  also	  contains	  1-­‐2	  coarse	  anhedral	  grains.	  Sample	  contains	  a	  small	  amount	  of	  contamination	  with	  glass	  filled	  fractures,	  in	  association	  with	  dissolution	  textures	  in	  
spinel.	  	  
67-­‐02E(6)	   2-­‐3	  melt	  inclusions	  in	  spinel	  cores.	  Late-­‐stage	  dissolution	  at	  spinel	  rims	  related	  to	  glass	  bearing,	  fine-­‐grained	  pockets	  and	  trails.	  Spinel	  is	  euhedral.	  Fine	  melt	  inclusion	  
trails	  in	  olivine	  with	  associated	  fine	  fluid	  inclusions.	  Late-­‐stage	  fine-­‐grained	  veinlets.	  Late-­‐stage	  metasomatic	  minerals	  including	  secondary	  orthopyroxene.	  Sample	  is	  
strongly	  contaminated	  with	  glass	  filled	  fractures,	  fine-­‐grained	  veinlets,	  and	  pockets	  formed	  after	  intrusion	  of	  host	  magma.	  	  
 
Table 2.3 Melt Analyses (Interstitial and Included). 
 
Sample	  #	   Analysis	  #	   Na2O	   MgO	   Al2O3	   SiO2	   K2O	   P2O5	   MnO	   FeO*	   CaO	   TiO2	   Total	  
	   	   	   	   	   	   	   	   	   	   	   	   	  Spinel	  Hosted	  Analyses	   	   	   	   	   	   	   	   	   	   	   	  
63-­‐01(1)	   63-­‐01(1)_23	   1.54	   5.77	   16.37	   57.72	   0.77	   0.06	   0.07	   4.36	   11.26	   0.08	   98.34	  
63-­‐01(3)	   63-­‐01(3)-­‐2_4	   3.33	   3.94	   14.61	   64.57	   1.45	   0.07	   0.07	   3.68	   6.64	   0.26	   98.64	  
63-­‐01(3)	   63-­‐01(3)-­‐2_7	   2.74	   4.67	   15.39	   62.70	   1.03	   0.02	   0.02	   3.55	   8.31	   0.04	   98.49	  
63-­‐01(3)	   63-­‐01(3)-­‐2_8	   2.68	   4.95	   14.62	   63.89	   1.06	   0.00	   0.07	   3.86	   8.15	   0.06	   99.33	  
63-­‐01(3)	   63-­‐01(3)-­‐2_12	   2.27	   6.53	   12.66	   61.94	   1.04	   0.08	   0.15	   5.19	   8.95	   0.17	   98.97	  
63-­‐01(3)	   63-­‐01(3)-­‐2_13	   2.53	   6.04	   12.81	   62.37	   0.95	   0.07	   0.11	   4.68	   9.21	   0.10	   98.87	  
67-­‐02A(3)	   spi2_A3_1_1	   2.94	   4.65	   13.90	   62.81	   1.28	   0.12	   0.16	   5.04	   7.04	   0.44	   98.38	  
67-­‐02A(3)	   spi2_A3_9_1	   3.31	   5.06	   15.11	   60.36	   1.50	   0.12	   0.08	   4.83	   8.36	   0.43	   99.16	  
67-­‐02A(4)	   67-­‐02A(4)_7	   0.66	   5.70	   15.97	   57.17	   0.11	   0.01	   0.10	   5.37	   13.68	   0.19	   99.13	  
67-­‐02A(5)	   spi2_A5_1_1	   2.54	   3.55	   13.60	   63.46	   0.91	   0.18	   0.04	   3.33	   10.27	   0.39	   98.27	  
67-­‐02A(5)	   spi2_A5_2_1	   1.45	   7.42	   13.49	   60.24	   0.52	   0.06	   0.13	   5.12	   10.40	   0.20	   99.03	  
67-­‐02A(5)	   spi2_A5_3_1	   1.98	   5.05	   15.70	   60.77	   0.63	   0.08	   0.06	   3.93	   9.67	   0.31	   98.18	  
67-­‐02A(5)	   spi2_A5_4_1	   1.34	   8.06	   13.32	   58.51	   0.39	   0.08	   0.12	   5.42	   10.56	   0.25	   98.05	  
67-­‐02A(5)	   spi2_A5_8_1	   2.35	   5.30	   16.90	   58.50	   0.72	   0.15	   0.01	   4.09	   9.88	   0.28	   98.18	  
67-­‐02B(5)	   spi2_B5_1_1	   1.62	   7.33	   12.23	   59.69	   0.48	   0.08	   0.14	   5.83	   10.22	   0.32	   97.93	  
67-­‐02B(5)	   spi2_B5_2_1	   1.84	   6.12	   13.25	   61.36	   0.74	   0.12	   0.09	   4.52	   9.73	   0.37	   98.14	  
67-­‐02B(5)	   spi2_B5_3_1	   1.62	   6.18	   12.33	   60.52	   0.71	   0.11	   0.17	   5.86	   10.29	   0.33	   98.12	  
67-­‐02B(5)	   spi2_B5_5_1	   1.37	   7.24	   12.54	   60.17	   0.53	   0.04	   0.09	   5.97	   10.35	   0.36	   98.67	  
67-­‐02D(5)	   spi2_B5_6_1	   1.59	   7.71	   12.49	   60.27	   0.62	   0.11	   0.08	   5.75	   9.16	   0.34	   98.14	  
67-­‐02D(5)	   67-­‐02D(5)-­‐1_4	   2.00	   6.08	   14.42	   61.85	   0.80	   0.10	   0.08	   4.20	   9.19	   0.23	   98.93	  
67-­‐02D(5)	   67-­‐02D(5)-­‐1_5	   2.27	   5.92	   14.92	   60.73	   0.84	   0.12	   0.10	   4.08	   9.26	   0.22	   98.45	  
67-­‐02D(5)	   67-­‐02D(5)-­‐1_9	   2.24	   5.57	   15.56	   61.06	   0.92	   0.06	   0.08	   3.97	   9.30	   0.17	   98.94	  
67-­‐02D(7)	   67-­‐02D(5)-­‐1_11	   2.17	   5.72	   14.61	   61.31	   0.85	   0.12	   0.11	   4.13	   9.23	   0.18	   98.42	  
67-­‐02D(7)	   67-­‐02D(7)_2	   1.63	   5.98	   14.55	   58.86	   0.66	   0.13	   0.11	   4.75	   10.82	   0.42	   97.89	  
67-­‐02D(7)	   67-­‐02D(7)_5	   1.90	   5.61	   14.24	   60.08	   0.73	   0.15	   0.13	   4.65	   10.81	   0.50	   98.80	  
	  	  
Interstitial	  Melt	  Analyses	   	   	   	   	   	   	   	   	   	   	   	  
63-­‐01(1)	   63-­‐01(1)_19	   1.63	   3.82	   16.41	   59.99	   0.86	   0.09	   0.03	   3.55	   11.21	   0.08	   99.13	  
63-­‐01(3)	   63-­‐01(3)-­‐2_1	   2.70	   3.66	   16.39	   59.98	   1.01	   0.07	   0.17	   5.32	   9.17	   0.09	   98.55	  
63-­‐01(3)	   63-­‐01(3)-­‐2_5	   3.09	   4.47	   13.50	   62.74	   1.26	   0.06	   0.10	   5.90	   8.01	   0.34	   99.47	  
63-­‐01(3)	   63-­‐01(3)-­‐2_6	   3.00	   5.08	   14.75	   58.46	   1.19	   0.17	   0.08	   7.10	   9.10	   0.42	   99.33	  
63-­‐01(3)	   63-­‐01(3)-­‐2_9	   2.83	   4.50	   15.61	   60.47	   1.09	   0.00	   0.19	   5.54	   8.85	   0.09	   99.18	  
63-­‐01(3)	   63-­‐01(3)-­‐2_10	   3.16	   2.68	   17.02	   61.70	   1.27	   0.04	   0.00	   4.58	   8.81	   0.11	   99.38	  
63-­‐01(3)	   63-­‐01(3)-­‐2_11	   2.87	   4.43	   14.65	   62.13	   1.20	   0.06	   0.07	   4.57	   8.39	   0.11	   98.48	  
63-­‐01(3)	   63-­‐01(3)-­‐2_14	   2.82	   4.04	   15.55	   63.07	   1.20	   0.05	   0.00	   4.65	   8.93	   0.12	   100.42	  
63-­‐01(3)	   63-­‐01(3)-­‐2_15	   3.55	   4.49	   14.32	   60.87	   1.48	   0.10	   0.10	   5.87	   7.67	   0.36	   98.80	  
67-­‐02B(2)	   67-­‐02B(2)_1	   2.20	   5.85	   14.60	   60.58	   0.84	   0.17	   0.08	   4.28	   10.96	   0.43	   100.07	  
67-­‐02B(2)	   67-­‐02B(2)_5	   2.09	   6.38	   15.18	   59.74	   0.77	   0.13	   0.09	   4.48	   11.13	   0.34	   100.42	  
67-­‐02B(2)	   67-­‐02B(2)_11	   2.04	   5.86	   13.86	   57.23	   0.78	   0.18	   0.13	   5.58	   10.99	   0.45	   97.12	  
67-­‐02B(2)	   67-­‐02B(2)_15	   2.04	   5.92	   13.48	   58.95	   0.78	   0.12	   0.10	   4.21	   11.91	   0.44	   98.03	  
67-­‐02D(5)	   67-­‐02D(5)-­‐1_1	   2.17	   5.12	   16.82	   58.01	   0.76	   0.10	   0.09	   5.16	   10.35	   0.37	   98.96	  
67-­‐02D(5)	   67-­‐02D(5)-­‐1_2	   2.49	   3.93	   17.38	   58.87	   0.86	   0.12	   0.05	   4.74	   10.15	   0.32	   98.91	  
67-­‐02D(5)	   67-­‐02D(5)-­‐1_3	   2.15	   4.97	   16.41	   59.80	   0.82	   0.14	   0.14	   4.21	   10.28	   0.26	   99.17	  
67-­‐02D(5)	   67-­‐02D(5)-­‐1_6	   2.37	   4.30	   17.19	   59.32	   0.91	   0.11	   0.07	   4.25	   10.77	   0.32	   99.61	  
67-­‐02D(5)	   67-­‐02D(5)-­‐1_7	   2.39	   3.66	   17.27	   58.48	   0.92	   0.21	   0.15	   4.06	   10.76	   0.34	   98.24	  
67-­‐02D(5)	   67-­‐02D(5)-­‐1_8	   2.25	   5.02	   16.28	   58.40	   0.89	   0.17	   0.05	   4.54	   10.25	   0.21	   98.07	  
67-­‐02D(5)	   67-­‐02D(5)-­‐1_10	   2.20	   4.05	   17.47	   59.38	   0.98	   0.08	   0.07	   4.59	   10.31	   0.27	   99.39	  
67-­‐02D(5)	   67-­‐02D(5)-­‐1_12	   2.21	   5.05	   16.52	   57.92	   0.84	   0.15	   0.05	   5.15	   10.53	   0.42	   98.85	  
67-­‐02D(6)	   67-­‐02D(6)_1	   2.23	   4.91	   17.34	   56.71	   0.88	   0.14	   0.11	   4.02	   11.03	   0.56	   97.94	  
67-­‐02D(6)	   67-­‐02D(6)_2	   2.01	   4.89	   15.78	   57.46	   0.79	   0.18	   0.09	   4.18	   12.56	   0.48	   98.40	  
67-­‐02D(6)	   67-­‐02D(6)_3	   2.33	   5.74	   15.92	   56.95	   0.91	   0.16	   0.13	   4.57	   11.51	   0.49	   98.70	  
67-­‐02D(6)	   67-­‐02D(6)_4	   2.19	   5.39	   17.27	   58.32	   0.93	   0.15	   0.05	   3.82	   10.26	   0.49	   98.88	  
67-­‐02D(6)	   67-­‐02D(6)_6	   2.35	   5.24	   15.54	   59.61	   0.92	   0.16	   0.13	   3.62	   10.56	   0.45	   98.59	  
67-­‐02D(6)	   67-­‐02D(6)_7	   2.35	   5.51	   16.45	   56.95	   0.87	   0.16	   0.15	   4.67	   10.83	   0.50	   98.44	  
67-­‐02D(6)	   67-­‐02D(6)_8	   2.46	   5.07	   16.83	   57.31	   0.86	   0.15	   0.03	   4.10	   11.25	   0.52	   98.56	  
67-­‐02D(7)	   67-­‐02D(7)_1	   2.07	   3.62	   15.64	   58.50	   0.66	   0.10	   0.01	   4.85	   12.19	   0.52	   98.16	  
67-­‐02D(7)	   67-­‐02D(7)_6	   1.98	   5.03	   14.57	   56.46	   0.60	   0.10	   0.15	   4.75	   10.87	   0.47	   94.98	  
67-­‐02D(7)	   67-­‐02D(7)_7	   2.24	   3.91	   14.33	   60.62	   0.71	   0.13	   0.10	   4.84	   11.09	   0.46	   98.43	  
67-­‐02D(7)	   67-­‐02D(7)_9	   1.94	   4.67	   14.92	   59.81	   0.70	   0.12	   0.12	   4.47	   11.31	   0.47	   98.53	  
67-­‐02D(7)	   67-­‐02D(7)_10	   1.94	   3.99	   13.94	   60.19	   0.72	   0.12	   0.15	   4.96	   12.43	   0.46	   98.90	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3.1  Introduction 
 
This chapter presents a detailed geochemical study of the Ritter peridotite 
and pyroxenite xenoliths introduced in Chapter 2. This chapter aims to provide 
insight into the chemical composition of the mantle section below the New Britain-
West Bismarck Arc and a greater understanding of peridotites in arc systems 
globally. With the petrography, textural analysis, mineral assemblages and melt 
features presented in Chapter 2, the focus of this chapter is to investigate the 
major and trace element compositions of the mineral assemblages and xenolith 
whole-rock geochemistry in order to present a complete picture of the sub-arc 
mantle in this region. 
 
Subduction zones are the largest mass transfer regions on Earth and one of 
the largest areas of active research in igneous petrology. It is essential to 
understand arc petrogenesis and the formation of continental crust for both the 
economics of metal concentrations in subduction zones and climate change drivers 
such as volatiles and degassing in arc systems. To do this, understanding the 
components that make up the ‘subduction factory’ are essential. 
 
Some of the contentious issues that arise when scrutinising the ‘factory’ is 
the question of the degree of melting vs. source fertility and the redox state of the 
sub-arc mantle. The big question is whether these characteristics derive from the 
sources of the magmas or are a function of subduction zone processes, including 
those that develop during magma ascent. 
 
 A number of critical processes can be studied through investigations of 
glasses that retain many of their volatiles and also through comparative studies of 
a single volcano with complementary intra- and cross- arc data. But what is the 
nature of the sub-arc mantle? This requires acquisition and direct study of rocks 
that plausibly represent sources of arc magmas or at the least, comprise lithologies 
that are traversed by arc magmas en route to the surface. These do not commonly 
outcrop. Globally, there are exposed peridotite massifs (ophiolites) and arc sections, 
but the best way to capture this story is in mantle-derived xenoliths derived from 
high temperatures and pressures.  
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The Ritter sample suite (introduced in Chapter 2) contains xenoliths that 
have been rapidly brought to the surface. They are rare, and remarkably fresh. 
Only a limited number of localities contain rocks such as this (see Chapter 2). With 
multiple lithologies and a varied petrological history represented in this xenolith 
suite it is important to use the classifications defined in Chapter 2 for 
petrographical context. By grouping the Ritter samples into “residual”, “re-
equilibrated” and “contaminated” categories, the questions of both source and 
process are addressed.  
 
3.2  Samples  
 
A large collection of igneous rocks and peridotite and pyroxenite cored 
bombs were recovered from the submarine cinder cones of Ritter Island, dredged 
during the SS06-2007 West Bismarck Vents Expedition (WeBIVE) of the Marine 
National Facility (RV Southern Surveyor). As well as presenting mineral analyses 
from the full xenolith suite, a subset has been chosen for whole-rock and further 
mineral analyses. This subset comprises 2 pyroxenites and 9 peridotites. The 
peridotites include representative residual, re-equilibrated and contaminated 
samples. For a summary of which samples fall into these categories, see Table 3.1. 
The most depleted (67-02B(2): olivine Fo# 96.7; spinel Cr# 89.3) and least depleted 
peridotite (67-02B(5): olivine Fo# 88.1) samples in the xenolith suite are included 
in this selection.  
 
3.3  Analytical Methods 
 
3.3.1 In Situ Mineral Analysis  
 
Forty-one thin sections were cut from the 36 xenoliths for this study. For 
each, a 35 x 25 mm billet, approximately 10 mm thick, was prepared to produce a 
standard petrological polished thin section. Thin section preparation was 
undertaken at Building 47, Research School of Earth Sciences, Australian National 
University and the sections produced at the Key Laboratory of Mineral Resources, 
Chinese Academy of Sciences. Major and minor elements of each thin section were 
analysed using a Cameca SX100 electron microprobe (EMP) at the Research School 
of Earth Sciences (RSES) and at the School of Earth Sciences, University of Bristol. 
EMP analyses were performed in wavelength dispersive mode (WDS) under 
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routine conditions. The accelerating voltage was 15 kV and beam current was 20 
nA with a minimum of 20 s counting time on element peaks. A 1µm beam diameter 
was used for spot analysis. Core and rim analyses as well as line profiles were 
obtained to check the homogeneity of crystal phases. Kakanui augite, San Carlos 
olivine and chromite were used as standards. Select thin sections were also imaged 
on the Scanning Electron Microscope (SEM) at the School of Earth Sciences, 
University of Bristol which operates a Hitachi S-3500N variable pressure 
microscope equipped with an EDAX Genesis energy dispersive spectrometer (EDS 
X-ray detector). 
 
3.3.2 Mineral Separates  
 
Eleven representative xenoliths were fragmented with the aim of liberating 
individual mineral phases using the SelFrag electrostatic rock disaggregation 
facility at Macquarie University. This instrument uses high-voltage electrical 
pulses to disaggregate rocks and other materials along the grain boundaries. It 
removes the need to crush rocks for mineral separation, and provides a higher 
proportion of unbroken grains. This process requires no mechanical contact to the 
sample, reducing the risk of contamination. The disaggregated yield was then 
handpicked under an optical microscope and minerals separated by type for each 
sample.  These mineral grains were mounted in epoxy and polished. Mounts were 
made for olivine, orthopyroxene, clinopyroxene, and spinel. Approximately 20 
grains of each mineral in each sample were mounted and analysed. Each line of 
grains represents a sample. These mineral mounts were imaged on the Scanning 
Electron Microscope (SEM) at the School of Earth Sciences, University of Bristol. 
 
Major and minor elements were analysed using a Cameca SX100 EMP at 
the School of Earth Sciences, University of Bristol. EMP analyses were performed 
in WDS mode under routine conditions. The accelerating voltage was 15 kV and 
beam current was 20 nA with a minimum of 20 s counting time on element peaks. 
A 1 µm beam diameter was used for spot analysis. Core and rim analyses as well as 
line profiles were obtained to check the homogeneity of crystal phases. Kakanui 
augite, San Carlos olivine and chromite were used as standards. Not including the 
preparation time (billet production, separation, mineral picking, mounting & 
polishing), data collection is quickest and easiest, and better in quantity and 
quality, if obtained from mineral separates. Because of this, a majority of the data 
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points (for the eleven samples separated) come from EMP analysis of the mineral 
separates (products of SelFrag disaggregation). When comparing analyses of 
minerals by thin section, and analyses obtained from the mineral separates, the 
data group consistently. Some of this may be a product of unintentional 
preferential picking of similar sized grains but with the large number of grains 
analysed, the probability of this is low. In addition to the benefits of the high yield 
of uncontaminated, unbroken grains, minerals such as fine-grained clinopyroxene, 
were easily picked, isolated and analysed to obtain a satisfactory number of 
mineral analyses per sample. This method allows for a larger number of robust 
analyses, of all the minerals present in a sample.  
 
However, for Mn (in spinel) there is concerning offset when comparing 
analyses from the two institutions. A Cameca SX100 EMP was used in both 
instances, with the mineral separates and some thin sections analysed at the 
School of Earth Sciences, University of Bristol and the remaining thin sections 
analysed at the Research School of Earth Sciences, Australian National University. 
 
 
Figure 3.1. An example of the offset of MnO wt% in spinel grains from samples 
analysed at both the University of Bristol (UOB) and the Australian National 
University (ANU). 
 
 
 The difference in Mn between the institutions is approximately a factor of 2 
(Fig. 3.1). This has been tested by LA ICP-MS results on the same grains, with the 
Mn content of spinel analysed at University of Bristol ~2 times the Mn content of 
the same grains when measured with the LA ICP-MS (Fig. 3.2). The University of 
Bristol results of this element are removed from this chapter. The discrepancy 
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between the Mn contents in the spinel between the two institutions is most likely 
to do with the Cr Kβ interference on the Mn Kα peak, rather than a calibration 
error. This is why there is a slope on the Bristol data which would have an 
intercept of about 1500 ppm at a Cr# of 0. This can be corrected by using secondary 
standards, or knowing how much fictive Mn is produced for a given Cr content. 
 
 
Figure 3.2. A comparison of Mn (ppm) in spinel measured on the EPMA 
(University of Bristol) and the LA ICP-MS. 
 
 
Trace element analyses were obtained using a pulsed COMPEX 110 excimer 
laser with a 193 nm output coupled to an Agilent 7500s quadrupole ICP-MS. This 
ICP-MS allows near-simultaneous analysis of ~40 trace elements. Spot scan mode 
was utilised with a spot diameter of 105 µm for olivine and orthopyroxene grains, 
with a frequency of 5 Hz and an energy output of 50 mJ. For clinopyroxene and 
spinel grains (except for 16 analyses at 47 µm) a spot diameter of 81 µm was used 
with a frequency of 6 Hz and an energy output of 50 mJ. The nebuliser gas medium 
for ablation was He + Ar. The ablation gas was mixed into Ar in the sampling cup 
in the cell, as the mass spectrometer requires the incoming flow to be mainly Ar. 
NIST 612 was used as primary calibration standard and BCR-2G was used as a 
secondary standard. Two analyses of the primary standard were made for every 10 
unknowns, with drift corrections applied using a weighted mean of the standard 
composition. BCR-2G was analysed after each standard to assess accuracy and 
precision. SiO2 was used as internal standard for olivine and orthopyroxene grains; 
CaO was used as the internal standard for clinopyroxene grains, and Cr2O3 for 
spinel grains. The compositions of these major elements were previously 
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determined by EPMA. Data were reduced using the Iolite software package 
developed by the Melbourne Isotope and Trace Element Group at the University of 
Melbourne (see Paton et al., 2011). 
 
Detection limits for all spot analyses are reported in Appendix D. Of concern 
in conventional LA ICP-MS data reduction protocols is the use of Gaussian 
distributions, based on the Longerich et al., (1996) approach, to determine the 
baseline contribution to the limit of detection (LOD). This is problematic when the 
3 sigma of the baseline is zero, and hence the produced LOD is zero. This issue may 
be remediated by the application of Poisson distributions as suggested by Howell et 
al., (2013) although an alternative procedure is used here in order to maintain 
commonality with conventional protocols and established literature results. To 
counter the often overlooked Gaussian zero-LOD issue, the detection limits for 
BCR-2G were averaged on each element and used in place for any analyses that 
had a zero value. This ensured that each data point that has been used is above 
background levels and by using the standard-sample-standard bracketing 
population statistics of BCR-2G allows time-integrated consistency of data. 
Standard and relative standard deviation (RSD) are calculated for each element for 
at least 5 analyses of each mineral, in each sample, and presented alongside the 
data in Appendix D. Note that the BCR-2G LOD replacement values are higher 
than the individually sampled background-signal LOD calculation of the 
unknowns. This methodology provides conservative values of the trace element 
concentrations for this sample suite.   
 
3.3.3 Whole-Rock Analysis 
 
For the 11 xenoliths chosen for disaggregation by the SelFrag procedure, a 
portion of the xenolith was preserved and set aside to turn into powder for the 
purpose of whole-rock analysis. Whole-rock samples were crushed, manually split, 
and then milled to clay size using a RockLabs Shatterbox with an alumina mill. 
Approximately 5 g of sample was obtained. The powders produced were made into 
lithium borate discs for analysis. Into a platinum crucible a 1:6.37 ratio of sample 
to flux (“12:22”, 12 parts lithium tetraborate and 22 parts lithium metaborate) was 
mixed for major element analysis and a 1:3 ratio was mixed for trace element 
analysis. To this sample+flux mixture 0.5 mL of 20% LiNO3 solution was added to 
oxidize any sulphur present. Crucibles were then put into a muffle furnace (400 °C) 
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for 10 min to dry, then transferred into a rocker furnace at 1080 °C for 8 min to 
melt and mix. After 8 min one pellet of NH4I (anti-wetting agent) was added to 
each crucible and the crucibles left in the furnace for a further 3 min. Discs are 
made by pressing the molten sample on to a graphite platten to transform the melt 
bead into glass. Glass discs prepared for trace element analysis were also glued 
together in batches of 10 and mounted in epoxy resin to be cut and polished to 
expose the cross section of each sample. 
 
The major element composition of whole-rock samples was obtained using 
X-ray fluorescence (XRF) on a Phillips (PANalytical) PW2400 spectrometer at the 
Research School of Earth Sciences, Australian National University and on a 
Phillips (PANalytical) PW2404 at Geoscience Australia. The elements analysed 
were Na, Mg, Al, Si, P, S, K, Ca, Ti, Mn, Fe, F and Cl. The major and minor 
element calibration is by best fit against a suite of 28 international standard rock 
powders. To obtain a weight percent H2O loss, approximately 2-3 g of powder were 
dried overnight at 110 °C, cooled and re-weighed. The dried samples were then 
ignited at 1100 °C with an overnight step heating/cooling program before a final 
weigh-in to obtain loss on ignition (LOI). LOI was corrected for the oxidation of 
FeO to Fe2O3. 
 
Ferrous iron determination was also undertaken at Geoscience Australia, 
using a method modified from Shapiro and Brannock (1962). Into a platinum 
crucible 250 mg of sample was weighed and 10 mL of 1:3 H2SO4 and 5 mL of 40% 
HF added. The crucible was then covered and the mixture digested on a hotplate at 
200 0C for approximately 10 minutes. The digest was then transferred to a 600 mL 
beaker containing 200 mL deionised water, 15 g of H3BO3 and 10 mL of 1:1 H3PO4 
and titrated with K2Cr2O7 using a Metrohm 716 DMS Titrino with a platinum wire 
electrode. The Metrohm Titrino is calibrated against a range of in-house standards 
and USGS International standards. 
 
Trace element analysis was undertaken at RSES using the LA ICP-MS at 
RSES described in section 3.3.2. Two methods were used a ‘bulk peridotite’ method 
(consisting of elements Al27, Si29, P31, Ca43, Sc45, Ti49, V51, Cr53, Mn55, Fe57, 
Co59, Ni60, Cu63, Cu65, Zn67, Ga71, Rb85, Sr88, Y89, Zr90, Nb93, Cs133, Ba137, 
Hf178 and Ta181) and a ‘rare earth’ method (including elements Si29, La139, 
Ce140, Pr141, Nd146, Sm147, Eu153, Gd157, Tb159, Dy163, Ho165, Er166, 
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Tm169, Yb172, Lu175, Pb208, Th232 and U238). Individual determinations of each 
of these isotopes are calibrated as if for the whole element. Spot scan mode was 
utilised with a spot diameter of 137 µm for the bulk peridotite method and a spot 
diameter of 105 µm (I) for the rare earth method. The frequency used was 5 Hz 
with an energy output of 50 mJ. The nebuliser gas medium for ablation was He + 
Ar. The ablation gas was mixed into Ar in the sampling cup in the cell, as the mass 
spectrometer requires the incoming flow to be mainly Ar. NIST 612 was used as 
primary calibration standard and BCR-2G was used as secondary standard. Two 
analyses of the primary standard were made for every 10 unknowns with drift 
corrections applied using a weighted mean of the standard composition. BCR-2G 
was analysed after each standard to assess accuracy and precision. SiO2 was used 
as internal standard with the composition previously determined by XRF whole-
rock major element analysis. 
 
3.4  Results: Whole-Rock Compositions 
 
The 11 representative samples chosen for whole-rock geochemistry, 
comprise 2 pyroxenites and 9 peridotites. The peridotites include 1 representative 
residual, 4 re-equilibrated and 4 contaminated samples. The major element 
analyses for these samples are presented in Table 3.2. The modal mineral 
percentages also presented in Table 3.2, have been calculated based on whole-rock 
compositions (courtesy of Antoine Bénard). As a general rule, the calculated 
percentages of orthopyroxene and clinopyroxene are higher than the percentages 
determined optically but this does not affect the categorisation or any genetic 
interpretations. Bulk Cr2O3 was not analysed in this subset of data, so error is 
introduced, as spinel modal percentages cannot be quantified robustly. The 
calculated error is included in the table. 
 
Trace element abundances are presented in Table 3.3. In the multi-element 
diagrams of Section 3.4.2, data are normalised to the primitive mantle (PM) using 
values of Palme & O’Neill (2003) and CI carbonaceous chondrites (CI) using the 
values of Palme & Jones (2003).  
 
Major, minor and trace element abundances in the peridotites have 
systematic variations that are thought to result not only from varying degrees of 
partial melting and melt extraction but also secondary contamination processes. 
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This is why petrographical categorisation is paramount. Results are presented 
primarily in their colour categories (red = contaminated, blue = re-equilibrated, 
green = residual) so that detail within these categories can be distinguished. The 
exception to this is when comparing Ritter samples to arc peridotites globally. The 
Ritter samples are shown as black symbols (triangles = contaminated, squares = 
re-equilibrated, circles = residual, diamonds=pyroxenite) on these types of plot.  
 
3.4.1 Major and Minor Elements 
 
Key patterns in the major elements analysed include the linear 
relationships between the oxides of MgO, FeO*, TiO2, SiO2, CaO and Al2O3. MgO 
and FeO* vs. Al2O3 are negatively correlated, and SiO2, TiO2 and CaO vs. Al2O3 are 
positive trending (Fig. 3.3). MnO and Na2O do not define clear trends vs. Al2O3 or 
MgO. Al2O3 contents vary from 0.41-0.61 wt%. The Ritter peridotites are all 
refractory xenoliths (Al2O3 <1.5 wt%), with no samples characterised as fertile 
(Pearson et al., 2003). 
 
 Plots Al2O3, SiO2, FeO*, CaO, MnO and TiO2 against MgO (Fig. 3.4) have 
negative slopes. Within the study suite and globally, the Ritter residual dunite 
contains among the highest concentrations of MgO and Al2O3, and the lowest 
concentration of total FeO, SiO2 and CaO. The contaminated samples range higher 
in FeO*, TiO2 and MnO than the re-equilibrated and residual peridotites. The re-
equilibrated peridotites generally plot with the contaminated samples likely due to 
their similar pyroxene contents. The two pyroxenites (plotted as diamond symbols), 
consistent with their modal mineralogy plot at markedly lower MgO and FeO* 
(although are not as depleted in FeO* as the residual dunite) and higher SiO2, 
MnO, CaO and Al2O3 than the peridotite suite.  
 
 In comparison with whole-rock major element geochemistry from global arc 
peridotites, Ritter peridotites plot with the majority of other sample suites but are 
generally low in CaO and Al2O3. Ritter peridotites range to the highest MgO values 
alongside a sample from Kamchatka (Fig. 3.4). The residual dunite sample of the 
Ritter suite is amongst the most MgO-rich of samples globally.  
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Figure 3.3. Bivariate plots for Ritter whole-rock major oxides in comparison with 
global arc peridotite data. Global arc data from GEOROC database, see Appendix 
F. a) Al2O3 vs. SiO2. b) Al2O3 vs. CaO. c) Al2O3 vs. TiO2. 
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Figure 3.4. Bivariate plots for Ritter whole-rock major oxides in comparison with 
global arc peridotite data. Global arc data from GEOROC database, see Appendix 
F. a) MgO vs. CaO. b) MgO vs. Al2O3. c) MgO vs. SiO2.  
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3.4.2 Trace Elements 
 
 The compatible element Ni forms a linear trend when plotted against MgO 
(Fig. 3.5). The residual sample contains high concentrations of both Ni and Cr, 
which are consistent with the dunitic nature of this sample. There is no distinction 
between the re-equilibrated and contaminated categories in terms of their Ni and 
Cr abundances. 
 
CI-normalised REE patterns are characterised by a La-enrichment, 
relatively flat middle rare earth element (MREE) and heavy rare earth element 
(HREE) trends (Fig. 3.6a). Some peridotite samples show a gently positive slope 
towards HREE enrichment and a gentle negative slope through the MREE with all 
samples having a small La-enrichment resulting in negative slope from La to Ce 
and a positive slope from Yb to Lu. For the two pyroxenite samples and a majority 
of the peridotites, this creates a ‘spoon-shaped’ pattern akin to boninites with a 
positive slope from Ce to Lu. Differences arise from a steeply negative Tb/Dy slope 
and relatively lower abundances of Dy, Ho, Er, Tm, Yb and Lu in those samples. 
Re-equilibrated harzburgite 67-02E(1) mimics the shape of the pyroxenite 67-
02A(1) despite having relatively low modal pyroxene abundances (~11%). 
Orthopyroxenite 67-02B(6) has abundances of some elements up to 20 times higher 
than in the peridotites. 
 
Primitive mantle-normalised, whole-rock trace element patterns of the nine 
peridotite whole-rock samples have Pb, Sr and U enrichments relative to 
neighbouring (reference) rare earth elements, accompanied by Ti and Y depletions, 
positive Th/U and positive Nb/Ta (Fig. 3.6b). Values are generally depleted relative 
to those of the primitive mantle (Palme & O'Neill, 2003) but relatively enriched 
compared to arc peridotite localities such as Tubaf (adjacent to Lihir of the Tabar-
Lihir-Tanga-Feni Arc; Grégoire et al., 2001) and Avacha (Kamchatka; Ionov et al., 
2010). 
 
The Ritter samples are relatively large iron lithophile element (LILE) 
enriched. Different slopes for Ba/Th are observed (this ratio is weakly positive in 
the majority of samples, positive in the most depleted samples and negative for the 
most enriched peridotites and a pyroxenite. 
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The pyroxenite samples (triangle and diamond symbols) show internal 
differences. 67-02B(6) primarily plots at consistently higher abundances in trace 
elements than the rest of the sample suite but has a similar trace element pattern 
to the peridotites in general. 67-02A(1) plots at similar abundances to the 
peridotite suite but with two key differences, a markedly high concentration of Pb, 
and a positive Ti anomaly. 
 
There are no obvious correlations between the trace element abundances 
and category of the samples. For example the residual dunite as classified by 
petrography, expected to be the most depleted in terms of trace element 
abundances, plots in the centre of the sample group. Variations due to intra-sample 
heterogeneity make trace element analysis of mineral phases in individual samples 
worth pursuit.  
 
 
Figure 3.5. Bivariate plots for whole-rock compatible trace element analyses. a) 
MgO vs. Ni (ppm). b) MgO vs. Cr (ppm).  
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Figure 3.6. a) CI-normalised REE diagram. b) PM-normalised multi-element 
diagram. Colour denotes category (green = residual, blue = re-equilibrated, red = 
contaminated). Shape denotes rock-type (square = peridotite, triangle = 
pyroxenite).   
 
 
3.5  Results: Mineral Compositions 
 
For the 36 xenoliths presented in Chapter 2, the major elements have been 
analysed from both the minerals in the 47 thin sections and mineral separates 
obtained by SelFrag disaggregation. The mineral separates also have 
corresponding trace element analyses, and these are presented in Section 3.5.2. 
The analysed suite of material contains the 4 reported pyroxenites. These are 
described separately under each mineral heading where appropriate.  
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There is a continuum between peridotite rock-types (dunite to harzburgite) 
and the separation of the samples on the basis of contamination and petrographical 
interpretation of textures becomes important when trying to untangle meaning 
from the mineral compositions. This cannot be done on the basis of modal 
percentage estimates when multiple petrological histories are being represented in 
the one sample suite.  
 
The trace elements of olivine, orthopyroxene, clinopyroxene and spinel were 
measured focusing chiefly on the grain cores. Some grain edges were measured 
opportunistically but there was no difference in trace element patterns so grain 
rims do not feature in this chapter. Trace element abundances are normalised to 
the primitive mantle (PM) using values of Palme & O’Neill (2003) and CI 
carbonaceous chondrites (CI) using the values of Palme & Jones (2003). As 
expected, the majority of trace elements in olivine and spinel were below LOD and 
are not described below. Olivine and spinel trace element abundances are 
presented in Appendix D. As in all of the values presented for the following 
minerals there are some large RSD values, highlighting the variability of the 
grains within some samples, and the geochemical subtleties inherent in these 
xenoliths. 
 
In the following plots the symbols isolate the individual pyroxenite samples 
(coloured purple) and the peridotites are grouped by category (green = residual, 
blue = re-equilibrated, red = contaminated). Literature data (global arc peridotite 
data) is in grey and presented for comparison where possible. 
 
3.5.1 Major Elements 
 
Olivine 
 
The forsterite number (Fo#) in peridotitic olivine ranges from 90.3-95.7 in 
the residual dunite suite, 90.4-93.3 in the re-equilibrated suite, and 86.8-93.9 in 
the contaminated suite. The residual dunites have the most Fo#-rich olivine 
reported in the literature to date.   
 
CaO contents in olivine grains are low, <0.15 wt% (Rohrbach et al., 2005) as 
expected for mantle olivine with the exception of 2 grains at ~0.18 wt% in 67-
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02A(3), a sample extensively affected by secondary processes (contaminated). Low-
Ca olivine in mantle peridotites was first reported by Simkin & Smith (1970), 
however Li et al. (2011) has reported that low-Ca olivine is not unique to the 
mantle and can be found in boninitic cumulates. 
 
The stoichiometric relationship of MgO vs. FeO is presented in Fig. 3.7a. As 
expected, the data form a linear trend with the exception of a group of olivine from 
the re-equilibrated samples of 67-02D(1), 67-02D(4) and 67-02E(1). Olivine is 
generally more forsteritic in the residual mantle with a correspondingly low Ca 
content as Ca concentration of olivine is dependant on the Fo content of the olivine 
(Arai, 1994a; Libourel, 1999; Takahashi, 1990). However, these data do not show a 
linear trend for CaO vs. Fo# (Fig. 3.7b). Apparent in the NiO vs. Fo# plot (Fig. 3.7c) 
are two populations, low-Ni (<0.3 wt% NiO) and high-Ni (>0.3 wt% NiO) olivine.  
 
There are linear relationships between Fo# and SiO2. With the exception of 
scatter in some re-equilibrated samples around Fo# 91-93 (the same group of 
samples that fall outside the linear trend of MgO vs. FeO*), SiO2 increases with 
increasing Fo# (Fig. 3.8a) as expected for a simple forsterite-fayalite binary system. 
The contaminated samples span the lowest SiO2 and MgO values, trending to the 
residual samples at the highest SiO2 values for a given Fo# value. In the scatter 
around Fo# 91-93 the re-equilibrated samples span the widest range of SiO2 values, 
notably samples 67-02D(1), 67-02D(4) and 67-02E(1) which range 42.1-44.2 wt%. 
MnO (0.05-0.26 wt%) and FeO* (4.9-12.8 wt%) have a negative linear relationship 
vs. Fo#. The highest MnO and FeO* values are in the contaminated samples, and 
the lowest, in the residual. FeO* vs. MnO is plotted (Fig. 3.8c) here to highlight the 
geochemical similarity of Mn and Fe.  
 
Whilst only three olivine grains were analysed from the pyroxenites (all 
from sample 67-02B(6)) it is worth noting that the contaminated peridotite samples 
extend to the low Fo# compositional space of the olivine from these samples. As 67-
02B(6) is the only pyroxenite sample containing olivine, the legends simply state 
“Ritter- Pyroxenite” on the plots in the olivine section. In the following sections 
(e.g. Orthopyroxene, Clinopyroxene, and Spinel) the analyses of mineral grains 
derived from pyroxenite lithologies are separated by sample number denoted by 
different (purple) symbols. 
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Figure 3.7. Bivariate plots for olivine major element analyses. a) MgO vs. FeO* b) 
Fo# vs. CaO. c) Fo# vs. NiO. 
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Figure 3.8. Bivariate plots for olivine major element analyses. a) Fo# vs. SiO2. b) 
Fo# vs. MnO. c) FeO* vs. MnO.  
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Orthopyroxene 
 
Orthopyroxene Mg# from the peridotite samples varies from 88.8-97.4 and 
all samples plot within the enstatite field of the pyroxene quadrilateral (Fig. 3.9). 
The contaminated samples contain orthopyroxene grains with the lowest Mg# but 
there is no clear distinction between re-equilibrated and contaminated samples. 
The residual samples contain very little orthopyroxene. The few orthopyroxene 
grains that were analysed in the residual category plot at relatively low Al2O3, 
MnO, TiO2, Cr2O3, FeO* with high SiO2 and MgO concentrations (Fig. 3.10). Also 
plotting with the residual grains at high Mg# is orthopyroxene from the re-
equilibrated dunitic melt channels and some relic orthopyroxene grains within 
contaminated samples. 
 
Compared to orthopyroxene from global arc peridotites, concentrations of 
Al2O3, Cr2O3, CaO and TiO2 in the Ritter suite are typical but range to some of the 
lowest abundances. There is a positive correlation between Cr2O3 and Al2O3 (Fig. 
3.10e) in the orthopyroxene grains, which follows the trend of the literature data.  
 
The orthopyroxene of the pyroxenite samples forms two groups in terms of 
Mg# (Fig. 3.10). The low Mg# orthopyroxene from samples 62-02(2) and 65-01B 
have an Mg# range of 81.5-86.5. Samples 67-02A(1) and 67-02B(6) have an Mg# 
range of 88.5-93.4 and plot with the peridotite samples, overlapping particularly 
with the re-equilibrated and contaminated categories.  
 
 
Figure 3.9. Pyroxene quadrilateral with orthopyroxene data. 
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Figure 3.10. Bivariate plots for orthopyroxene major element analyses. The 
pyroxenite data are split into individual samples denoted by symbol (see legend). a) 
Mg# vs. SiO2. b) Mg# vs. CaO. c) Mg# vs. MnO. d) Mg# vs. Al2O3. e) Al2O3 vs. Cr2O3. 
 
 
Clinopyroxene 
 
The residual samples contain low modal clinopyroxene.  In addition to this, 
the few clinopyroxene grains that are present in the Ritter samples have been 
petrographically interpreted as ‘secondary’. The fact that there is no clear 
distinction between categories (residual, re-equilibrated, contaminated) in the 
major element clinopyroxene data, lends weight to this observation. The residual 
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samples plot over large Al2O3 and Mg# ranges. The clinopyroxene of this suite is 
considered high-Ca, plotting in the diopside-augite field on the pyroxene 
quadrilateral (Morimoto, 1989) with low Na2O content (<0.3 wt%) which is typical 
for arc peridotites (Fig. 3.12d).  
 
The clinopyroxene in the pyroxenites follow the same general groupings and 
trends as the orthopyroxene but with more scatter. The clinopyroxene from the 
pyroxenites plots closer to the peridotite field than any other mineral. This is 
particularly evident in the plots involving Al2O3. When plotted vs. Mg# the 
clinopyroxene from the pyroxenites is more distinct but still plots in the same 
geochemical space as the contaminated samples.  
 
Negative trends are observed between MnO and Mg# and between SiO2 and 
Al2O3 (Fig. 3.12). The low-Al trend (positive Cr2O3 vs. Al2O3) of the orthopyroxene is 
also observed in the clinopyroxene. Compared to clinopyroxene from arc peridotites 
globally, the Ritter samples range to high Mg#, CaO, SiO2 and low TiO2, Cr2O3, 
Al2O3 and Na2O. 
 
 
 
Figure 3.11. Pyroxene quadrilateral with clinopyroxene data. Colour denotes 
category (green = residual, blue = re-equilibrated, red = contaminated, purple = 
pyroxenite). 
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Figure 3.12. Bivariate plots for clinopyroxene major element analyses. a) Al2O3 vs. 
Cr2O3. b) Al2O3 vs. Mg#. c) Al2O3 vs. SiO2. d) Al2O3 vs. Na2O. e) Mg# vs. CaO. f) Mg# 
vs. MnO. 
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Spinel 
 
The spinel in these peridotites is amongst some of the most Cr-rich spinel 
found in arc xenoliths globally. Cr# ranges from 40.4-89.3. These compositions plot 
outside of the forearc peridotite field of Arai and Ishimaru (2008), and whilst in the 
trend of the olivine-spinel mantle array (OSMA) of Arai (1994a), these samples 
contain more Cr than the OSMA  (Fig. 3.13). The majority of the spinel in these 
samples plot outside of both the abyssal peridotite field (Dick & Bullen, 1984) and 
the forearc peridotite field due to a wide range of Mg# (32.6-69.7) as well as the 
high Cr#. The sample with the highest values of Cr# in spinel contains the most 
Cr-rich spinel reported for any arc peridotite. The sample suite plots with island-
arc basalts and extends into the boninite category of Arai (1992).  
 
In the Ritter suite the spinel in the samples identified as re-equilibrated 
and residual have the most Cr#-rich values. Samples 67-02A(6) and 67-02B(4), 
which are postulated as dunitic melt channels (see Chapter 2), are the re-
equilibrated samples with the highest Cr#.  
 
 
Figure 3.13. Fo# in olivine vs. Cr# in spinel within the OSMA of Arai (1992). Each 
point represents an average Cr# and Fo# value for that sample. 
 
A flat trend is seen for Cr# vs. MnO, a positive trend for Cr# vs. Fe#, and 
Fe# vs. TiO2 with the spinel from Ritter falling at the very beginning of the Barnes 
& Roeder (2001) Fe-Ti spinel evolution trend. The spinel of the Ritter pyroxenites 
has a Cr# range of 62.2-78.6. In the three pyroxenites in which spinel was 
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analysed, limited trends are observed. In a ternary diagram (Fig. 3.15), the spinel 
plots along the Cr-Al plane, with the majority of samples falling in closest to Cr. 
 
  
  
  
Figure 3.14. Bivariate plots for spinel major element analyses. a) Cr# vs. MnO. b) 
Cr# vs. Fe#. c) Fe# vs. TiO2.  
 
 
 
Figure 3.15. Spinel in Ritter peridotites plotted on a Cr-Fe3+-Al (atomic) diagram. 
Colour denotes category (green = residual, blue = re-equilibrated, red = 
contaminated, purple = pyroxenite). 
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3.5.2 Trace Elements 
 
Orthopyroxene 
 
Average orthopyroxene trace element abundances for each sample are 
presented in Appendix D.2. Fig. 3.16 presents the average trend for each sample 
and Fig. 3.17 presents each analysis (approximately 5 per sample, but only 
displayed if above LOD) coloured by category. There are two distinct orthopyroxene 
compositions from contaminated sample 67-02B(5), these are both displayed on the 
plots below. 
 
The CI chondrite-normalised plot (Fig. 3.16a) shows steep HREE patterns 
but low abundances of other REE. HREE of pyroxenite 67-02A(1) plot consistently 
with the peridotite samples and also has low abundances of other REE. Pyroxenite 
67-02B(6) exhibits a slightly flatter REE trend than the peridotites and has a 
higher abundance of MREE. Abundances are very low compared to primitive 
mantle values (Fig. 16b). Orthopyroxene has typical arc features with anomalies in 
Pb, Sr and Ti.  
 
When plotting each analysis individually (Fig. 3.17), the trends described 
above are repeated. Abundances are low in the LREE and MREE. There is 
considerable overlap in abundances from contaminated and re-equilibrated 
samples, with the exception of a few contaminated samples that contain a greater 
abundance of trace elements, and a flatter MREE and HREE signature. 
Orthopyroxene from the pyroxenites is very similar in abundance and shape and is 
included in the plots below as part of the re-equilibrated category. Orthopyroxene 
from the pyroxenites tend to plot with the most enriched of the re-equilibrated 
peridotite samples. 
 
Clinopyroxene 
 
The CI-normalised plots (Fig. 3.18a & 3.19a) show complexity within 
clinopyroxene grains, even within the same sample. At least two trends can be 
observed: a relatively flat trend with a positive slope from La-Sm, and a more 
sinusoidal REE pattern, which is particularly evident in the more depleted samples 
relative to CI chondrites. A third pattern where the HREE form a positive slope
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Figure 3.16. Average trace element analyses of orthopyroxene grains from selected 
samples. Colour denotes sample (see legend). There are two patterns for 67-02B(5) 
as two orthopyroxene populations were analysed in this sample. a) REE data 
normalised to CI chondrites. b) Multi-element data normalised to the primitive 
mantle. 
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Figure 3.17. Trace element analyses of orthopyroxene grains. Colour denotes 
category (blue = re-equilibrated, red = contaminated. a) REE data normalised to CI 
chondrites. b) Multi-element data normalised to the primitive mantle. 
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from Eu to Lu can also be observed, however this has a steep, positive REE pattern 
like that of an orthopyroxene, but at markedly higher abundances. This trend 
could represent a mixed analysis of a grain with orthopyroxene exsolution 
lamellae.  
 
The clinopyroxene grains analysed range from enriched to depleted in trace 
elements relative to the primitive mantle. When normalised to the PM (Fig. 3.18b) 
the majority of analyses exhibit a much flatter pattern those of the orthopyroxene 
in both the MREE and HREE. Clinopyroxene trace element abundances are 
presented in Appendix D.3. Features of the PM-normalised multi-element diagram 
show anomalies in Nb, Sr and Ti characteristic of an arc signature.  
 
There is considerable overlap in abundances from contaminated and re-
equilibrated samples. The residual sample 67-02B(2) is not represented on either 
the orthopyroxene or clinopyroxene plots. Clinopyroxene from the pyroxenites is 
very similar in abundance and shape and is included in the plots below as part of 
the re-equilibrated category. They tend to plot with the most enriched re-
equilibrated samples. 
 
3.6  Discussion 
 
3.6.1 Partial melting, crystal accumulation & melt-rock reactions 
 
Harzburgite and dunite in an arc setting have the three possible origins. 1. 
They are residues of very high degrees of depletion after multiple melt extraction 
events (Dick & Bullen, 1984; Bonatti & Michael, 1989). 2. They are cumulates 
formed by crystals accumulating from an olivine-rich, basic or ultrabasic magma 
(Debari et al., 1987). 3. They are the products of melt-rock reactions that 
precipitate olivine at the expense of pyroxene in the upper mantle (Kelemen et al., 
1990). The possibility of these scenarios for the genesis of the range of peridotites 
in the Ritter suite is discussed below.  
 
Sensitive indicators of crystallisation and melt extraction indices of 
peridotites are known to be forsterite content and modal percentage of olivine, Cr# 
and Mg# in spinel, Al2O3 in orthopyroxene and whole-rock, and MgO in whole-rock 
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(Jaques & Green, 1980; Dick & Bullen, 1984; Bonatti & Michael, 1989; Arai, 
1994a). If the peridotites have experienced partial melting, residual peridotites will 
have high abundances of forsteritic olivine, high Cr# in spinel, and low Al2O3 in 
orthopyroxene. In contrast, crystal fractionation over a wide range of temperatures 
and melt compositions will yield cumulate peridotites with low abundances of less 
forsteritic olivine, and spinel with low Mg# and Cr# (Dick & Bullen, 1984). If the 
peridotite is a product of melt-rock reaction it is expected to have high modal 
orthopyroxene content and high Ni content in forsteritic olivine (Kelemen et al., 
1998). 
 
 
Figure 3.18. Average trace element analyses of clinopyroxene grains from selected 
samples. Colour denotes sample (see legend). Note there are two patterns from 67-
02A(3) due to two populations of clinopyroxene in this sample. a) REE data 
normalised to CI chondrites. b) Multi-element data normalised to the primitive 
mantle.  
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Figure 3.19. a) CI Chondrite normalised REE diagram of clinopyroxene trace 
element data. b) Primitive mantle normalised multi-element diagram of 
clinopyroxene trace element data. Colour denotes category (blue = re-equilibrated, 
red = contaminated). 
 
 On these criteria, the dunite and harzburgite samples categorised as 
‘residual’ from Ritter are refractory mantle samples (Fo# 90.3-95.7 in olivine, Cr# 
40.4-89.3 and Mg# 35.7-66.9 in spinel, Al2O3 <2 wt% in orthopyroxene) that fall 
within the olivine-spinel mantle array (OSMA) (Figure 3.13) of Arai (1994a) and 
the partial melting/residual mantle trends of Dick and Bullen (1984). Primary 
clinopyroxene is absent, and the small amount of secondary clinopyroxene occurs 
only as interstitial crystals in the fine-grained matrix so there is no truly residual 
clinopyroxene left, with these rocks most likely melted beyond the point of 
clinopyroxene disappearance from the residue (~20-25% melt extraction; 
Hellebrand et al., 2002; Barth et al., 2003). Another key indicators for a highly 
refractory residue are the low HREE concentrations in the whole-rock.  
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Whilst the above parameters show correlations consistent with an origin as 
a melt residue, others do not. The latter in particular concerns the lack of 
correlation of Mg# in olivine (with the exception of SiO2 and MnO) with the other 
indices and the relatively poor correlations involving Cr# in spinel. If the 
peridotites were products of simple melt extraction, incompatible elements are 
expected to decrease with an increase of spinel Cr#. Ce, Yb, Ti, Zr and Sr contents 
of Ritter whole-rock, however, do not show these correlations with spinel Cr# and 
concentrations of the element tend to slightly increase rather than decrease with 
an increase in spinel Cr# (Fig. 3.20). These features should not be considered as 
evidence contradicting an origin of the Ritter suite as melt extraction residues, but 
rather as reflection of a complex, possibly multi-stage, melting and post-melting 
history. As shown in Ionov (2010) Cr# in spinel is temperature-dependent and is 
probably affected by re-equilibration on cooling, Mg# is sensitive to the depth of 
partial melting (Herzberg, 2004; Ionov, 2007) and can also be affected by late-stage 
residue-melt interactions and percolation of mafic melts (Kelemen et al., 1990; 
Bodinier & Godard, 2007; Ionov, 2007). 
 
 
  
  
 
 
Figure 3.20. Cr# (spinel) vs. a) Ce (whole-rock). b) Yb (whole-rock). c) Ti (whole-
rock). d) Zr (whole-rock). e) Sr (whole-rock). 
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Overall, the petrological and trace element data indicate that bulk-rock 
Al2O3 and modal olivine are the most robust melt extraction indices for the Ritter 
suite (Ionov et al., 2010) and the residual Ritter suite represents some of the most 
refractory mantle materials obtained as xenoliths in arc lavas (Arai, 1994b). The 
extremely depleted character of the residual Ritter peridotites is consistent with 
the observation and general understanding that arc magmas require larger degrees 
of melting compared with mid ocean ridge basalts (Pearce & Parkinson, 1993). This 
doesn’t necessarily mean that the melt percentage is greater, just that 
cumulatively an arc magma source undergoes more melting in total than a mid 
ocean ridge peridotite source.  
 
The peridotite samples categorised as ‘re-equilibrated’ are proposed to be 
products of melt rock reaction. The Ritter ‘re-equilibrated’ xenoliths have the 
uniformly forsteritic olivine and Cr-rich spinel compositions expected from the 
melt-rock reaction process (Dick & Bullen, 1984; Kelemen et al., 1990) and Ni 
content in olivine that falls into low-Ni (<0.3 wt% NiO) and high-Ni (>0.3 wt% NiO) 
olivine categories, with the low-Ni olivine representing olivine from the samples 
that have been completely re-crystallised in the form of a dunitic melt channel. The 
melt-rock reaction process is described as a two-step process proposed in Kelemen 
(1998). First, peridotite with high Mg# and low orthopyroxene content is created by 
large degrees of polybaric melting. Later, these depleted residues were enriched in 
orthopyroxene by interaction with siliceous melts. 
 
The contaminated peridotite suite likely formed as a combination of the two 
methods outlined above, and has subsequently been modified. It is likely a majority 
of the contaminated samples were depleted residues prior to the metasomatism 
and melt invasion now observed.  
 
3.6.2 Pyroxenites 
 
The pyroxenite samples in the Ritter suite pose similar questions regarding 
their origin. When discerning the origin of pyroxenite samples in the Solomon 
Islands, Berly et al., (2006) considered three major factors: 1) whether the 
pyroxenites are arc or plume related, 2) whether the pyroxenites are mantle or 
crust derived, and 3) the conditions of pyroxenite formation. 
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For the Ritter pyroxenites, arc derivation is relatively clear. This is 
confirmed with temperature of crystallisation estimates of ~1000 °C (and not 
exceeding 1050 °C) before the pyroxenites have been partially re-equilibrated at 
706-1022 °C. This range of temperatures indicates that the pyroxenites originated 
in a relatively cold environment consistent with an arc-related origin. Spinel from 
the pyroxenites is similar in terms of Mg# and Cr# to spinel formed in subduction 
zone mantle rocks. Bulk-rock compositions are also relatively enriched in LILE, Sr 
and Pb (Fig. 3.6) with these elements known to be mobile in subduction zone 
environments (Tatsumi et al., 1986; McCulloch & Gamble, 1991; Brenan et al., 
1995; Keppler, 1996; Ayers et al., 1997). 
 
If the pyroxenites are crustally derived it is expected that Mg# in pyroxene, 
olivine and spinel would be highly variable and given the predominance of olivine 
and clinopyroxene as early-formed minerals in arc magmas, arc-related crustal 
pyroxenites are likely to be dominated by these phases, leading to high CaO at 
relatively low SiO2 contents in typical cumulate assemblages. Arc crustal 
pyroxenite is characterised by a narrow range of Al2O3 contents compared with 
mantle pyroxenite. Mantle-derived pyroxenites differ from arc crustal pyroxenites 
with a wider range of CaO (Hirschmann & Stolper, 1996) and often include a large 
variety of rock types ranging from orthopyroxenite through websterite to 
clinopyroxenite. Even with only 4 samples, the Ritter pyroxenites are 
mineralogically diverse with an orthopyroxenite and 3 websterites. The Ritter 
pyroxenites have low Al2O3 contents, coincident with the arc-related pyroxenite 
field. In the plot Cr2O3 vs. Al2O3 in clinopyroxene (Fig. 3.12b), the more primitive, 
mantle-like character of the clinopyroxene in the Ritter orthopyroxenites is 
apparent. The nominal mantle signature is also documented in the NiO content of 
the olivine in sample 67-02B(6) (the only pyroxenite with olivine analysed), which 
whilst plotting at lower Fo#, the NiO content is consistent with those of the 
mantle-derived peridotites (Fig. 3.7c).  
 
Three main processes have been proposed for the formation of pyroxenites. 
They can form as cumulates in lower crustal magma chambers (Debari & Coleman, 
1989; Schiano et al., 2000), from recycled elongated slices of oceanic crust (Polvé & 
Allègre, 1980; Allègre & Turcotte, 1986) or from melt/fluid–peridotite interaction 
(Kelemen et al., 1992; Smith & Riter, 1997; Stolz et al., 1996; Garrido & Bodinier, 
1999; Smith et al., 1999). The multi-generational network of veins crosscutting the 
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harzburgites and dunites of the Ritter suite and the replacement textures where 
mantle orthopyroxene relics occur amongst an orthopyroxene–clinopyroxene 
assemblages, exclude an arc cumulate origin. These features are consistent with 
reactions between peridotite and a metasomatic agent with these pyroxenites as 
likely melt/fluid-rock reaction products. In the context of the wider suite, it is 
feasible that the pyroxenite samples represent the end product of the melt 
infiltration of the contaminated peridotite. The relatively low temperatures of 
equilibration for the pyroxenites (Brey et al., 1990), which are below the wet 
peridotite solidus, either reflect sub-solidus re-equilibration or indicate that the 
metasomatising agent was more probably an aqueous fluid rather than a hydrous 
silicate melt. The second supposition is supported by the widespread occurrence of 
primary fluid inclusions in the pyroxenites. As seen in the multi-element diagrams, 
the pyroxenites have depleted LREE relative to HREE (with the exception of La) 
and depleted HREE relative to the primitive mantle, consistent with the 
metasomatic agent being a fluid rather a melt. The orthopyroxenite can be formed 
by SiO2-rich aqueous fluid metasomatism, transforming olivine to orthopyroxene 
(Kelemen et al., 1992; Morishita et al., 2003). The fluid must have contained fluid-
mobile elements such as LILE, Sr, and Pb, which caused the slight enrichment of 
these elements with respect to a normal harzburgite mantle.  
 
3.6.3 Temperature 
 
The Ballhaus, Berry & Green (1991) calculation is well suited to the Cr-rich 
spinel that occurs in peridotite xenoliths such as the Ritter suite, and utilises the 
two major minerals (olivine and orthopyroxene) in these depleted rocks. 
Temperatures have been calculated for comparison using the Fe-Mg exchange 
geothermometer of O’Neill & Wall (1987), the two-pyroxene method of Wells (1977) 
and Brey, Kohler & Nickel (1990), and the Ca-in-orthopyroxene method of Kohler 
& Brey (1990). Temperatures for the pyroxenite samples are calculated using the 
two-pyroxene geothermometer of Wells (1977) and Brey, Kohler & Nickel (1990) 
and the Ca-in-orthopyroxene method of Kohler & Brey (1990). Two-pyroxene 
thermometry is not chosen for the peridotites of this study as textural evidence 
shows that clinopyroxene is a late-stage mineral, and coarse orthopyroxene and 
olivine grains may not be fully equilibrated with the interstitial clinopyroxene. 
Secondly, olivine and spinel is ubiquitous in the sample suite and allows 
temperature (and redox conditions) to be calculated for the greatest number of 
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samples. Overall, the temperatures from the Fe-Mg exchange thermometers 
appear to be realistic and correspond to variable stages of cooling in the 
lithospheric source of the xenoliths. The calculated temperatures of the peridotite 
suite range from 670–1142 °C. Calculated temperatures and oxygen fugacities are 
presented for 31 xenoliths of the Ritter suite (Table 3.4). The large span in 
temperatures may be explained if there was cooling below the temperature values 
recorded in large orthopyroxene and spinel cores, by the melt infiltration and/or 
veining and recrystallisation accompanied by localised heating and partial re-
equilibration that produced the fine-grained textures observed in some of these 
xenoliths, shortly before they were entrained in the host magma (Ionov, 2010). 
 
3.6.4 Oxygen Fugacity 
 
The fO2 calculations made at equilibrium temperatures for the peridotites 
in this study are calculated using the Ballhaus et al. (1991) version of the olivine-
spinel Fe-Mg exchange geothermometer at a pressure of 1.5 GPa. It is difficult to 
estimate equilibrium pressures for spinel peridotites because of a lack of an 
appropriate geobarometer, 1.5 GPa was chosen as the mean pressure of the spinel 
stability field. Calculations of fO2 using coexisting olivine, orthopyroxene and 
spinel (e.g. O'Neill & Wall, 1987; Wood & Virgo, 1989; Ballhaus et al., 1991; Nell & 
Wood, 1991) utilise the reaction 6Fe2SiO4ol + O2  3Fe2Si2O6opx + 2Fe3O4sp. 
Ballhaus et al. (1991) uses a semi-empirical oxygen barometer in terms of 
divergence from the fayalite-magnetite-quartz (FMQ) buffer: 
 
Δlog(fO2)FMQ = 0.27 + 2505/T – 400P/T – 6log(XolvFe) – 3200(1–XolvFe)2/T + 
2log(XspFe2+) + 4log(XspFe3+) + 2630(XspAl)2/T 
 
T is in K, P is in GPa and XolvFe = Fe2+/(Fe2++Mg) in olivine, XspFe2+ = Fe2+/(Fe2++Mg) 
in spinel, XspFe3+ = Fe3+/ΣR3+ in spinel and XspAl = Al/ΣR3+ in spinel. 
 
Oxygen barometry undertaken on these samples shows a range from 
reduced (-1.43) to oxidised (+1.84) conditions relative to the FMQ buffer. Previous 
work (e.g. Parkinson & Arculus, 1999) provides evidence that the mantle below 
subduction zones is ubiquitously oxidised relative to oceanic and ancient cratonic 
mantle and it is suggested that the ultimate source of the oxygen into the mantle 
wedge is from the subducted slab. Evidence of reduced peridotite material beneath 
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a subduction zone raises the question of whether the mantle peridotite sampled by 
these xenoliths is arc-related at all and is reminiscent of the ‘life raft’ model 
involving buoyant Archaean peridotite preserved in the mantle (Griffin et al., 
2003). However, whilst reduced relative to FMQ, fO2 values for the Ritter xenoliths 
are higher than the majority of abyssal peridotites (Fig. 3.21a) (Bryndzia & Wood, 
1990) and generally span the range of calculated fugacities from other arc localities 
(Fig. 3.21b) (Parkinson & Arculus, 1999; Wood & Virgo, 1989; Umino & Yoshizawa, 
1996; Parkinson et al., 1998; Ionov, 2010; Parkinson et al., 2003; Blatter & 
Carmichael, 1998; Pearce et al., 2000; McInnes et al., 2001; Barsdell & Smith, 
1989; Johnson et al., 1996). 
 
 
 
Figure 3.21. a) Cr# (spi) vs. ∆log fO2 (FMQ) for Ritter in comparison to abyssal 
peridotites. Abyssal peridotite data is from Bryndzia & Wood (1990). b) Cr# (spi) 
vs. ∆log fO2 (FMQ) for Ritter in comparison to arc peridotites. 
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 In Chapter 1 it was acknowledged that the oxidation state of the mantle 
remains an outstanding question. It is commonly understood that arc magmas are 
more oxidised than basalts generated at mid-ocean ridges but whether the oxidised 
signature is inherited from a similarly oxidised mantle wedge (Parkinson & 
Arculus, 1999; Kelley & Cottrell, 2009; Evans et al., 2012; Kelley & Cottrell, 2012) 
or whether the fO2 of the upper mantle is homogeneous, independent of tectonic 
setting (Mallmann & O'Neill, 2009; Lee et al., 2010) and the oxidised signature of 
arc magmas accounted for by late-stage processes, is still to be determined. Whilst 
it is acknowledged that the Lee (2010) and Mallmann & O’Neill (2009) arguments 
are based on lavas, the premise still holds for the following scenarios based on the 
element compatibility in the residues presented below. 
 
 Lee et al. (2010) measure the ratio of Zn/Fe and concludes that the fO2 of 
magma sources is the same in both a subduction and a spreading ridge setting. Fig. 
3.22 shows the Zn/FeT of the whole-rock Ritter peridotites in relation to abyssal 
peridotites (Niu et al., 2012) with the Ritter samples plotting at the low end, but 
still overlapping, with the abyssal peridotite field in terms of this redox-sensitive 
element ratio.  
 
 
Figure 3.22. MgO vs. Zn/FeT for whole-rock Ritter. Abyssal peridotite (peach 
circles) data from Niu (2004). 
 
 
 Mallmann and O’Neill (2009) use minor element ratios such as V/Sc to 
estimate a uniform fO2 for the upper mantle asserting that there is no evidence 
that the source of arc magmas is more oxidised. However, as V is more 
incompatible than Sc, higher degrees of melt depletion will drive the source to a 
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lower V/Sc. Conversely, in a more oxidised environment, V/Sc will be higher 
because the multi-valence state V will behave incompatibly compared to the mono-
valence state Sc during melting. It could be a ‘crisis of coincidence’ that an 
increased degree of prior partial melting pushes the arc source lower in V/Sc than 
that of the source of MORB, but increased oxygen fugacity increases may raise the 
incompatibility of V during partial melting, resulting in V/Sc systematics that are 
indistinguishable between arc and MORB melts (Fig. 3.23). It is interesting to note 
that the residual sample contains the highest V/Sc. This is somewhat anomalous 
due to the higher oxygen fugacity of this sample (67-02B(2), Table 3.4). In an 
oxidised environment there is a higher ratio of oxidised to reduced V species, so V 
should act more incompatibly than Sc and lower the V/Sc of the source. Negating 
the potential of oxidised melt infiltration and re-equilibration which would result 
in raising the V/Sc of the peridotite, on the basis of petrography and geochemistry, 
the most plausible explanation for the high V/Sc in the residual sample is the large 
amount of modal spinel in the sample, the main host for V. The lower abundance of 
Sc is explained through the absence of primary clinopyroxene. On the basis of both 
petrographical and geochemical evidence, this sample has melted past the 
exhaustion of clinopyroxene, whilst remaining elevated in V.  
 
 
Figure 3.23. MgO vs. V/Sc for whole-rock Ritter. Abyssal peridotite (peach circles) 
data from Niu (2004). 
 
 
 Compared to abyssal peridotites, the Ritter peridotites plot at a consistent 
V/Sc with the majority of the abyssal samples, with the exception of the residual 
sample which has interestingly undergone a large degree of partial melting, yet 
plots at a position indicating increased oxygen fugacity.  
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 Evans (2012) use Mn2+/Fe2+, interpreting that elevated ferric iron contents 
in arc lavas are a record of oxidised sub-arc mantle relative to MORB. Fe and Mn 
have the same number of valence states but Mn oxidises to higher valence states at 
higher oxygen fugacities so Fe/Mn decreases as fO2 increases. 
 
 Fig. 3.24 shows the MnO/FeO* of whole-rock Ritter peridotites plot within 
the compositional range of abyssal peridotites. In combination, evidence from 
Zn/Fe, V/Sc and Mn/Fe is congruous, with the exception of the V/Sc of the residual 
sample, and suggests that independent of tectonic setting, the source of arc 
magmas, evidenced by these peridotites, may be of indistinguishable oxygen 
fugacity to that of mid ocean ridge basalts. 
 
 
Figure 3.24. a) MgO vs. MnO/FeO* for whole-rock Ritter. Abyssal peridotite (peach 
circles) data from Niu (2004). 
 
 
3.6.5 Metasomatism 
 
 Both petrography and geochemistry indicate that metasomatism has 
affected almost all of the peridotites in the Ritter suite, in particular the 
contaminated samples, as previously identified in this, and the preceding chapter. 
The simple observation that these rocks exhibit extremely refractory lithologies 
coupled with the presence of secondary clinopyroxene and orthopyroxene must 
mean that the Ritter suite has experienced varying levels of metasomatism. The 
main type of metasomatism to have affected the Ritter suite is most likely silica 
enrichment. Hydrous metasomatism is not suspected, as there is no evidence of 
secondary hydrous mineral formation in the Ritter suite, and LREE enrichment is 
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also not observed, with the trace element patterns of clinopyroxene strongly 
‘concave up’ indicating LREE depletion (Fig. 3.18).  
 
 Effects of metasomatism in mantle peridotite can be either modal or cryptic. 
In modal metasomatism, new minerals such as phlogopite and amphibole are 
formed, or in the case of Ritter, pyroxene, with the presence of these minerals in 
peridotite xenoliths considered strong evidence of metasomatic processes in the 
mantle. In cryptic metasomatism, mineral compositions are changed, or introduced 
elements are concentrated on grain boundaries and the peridotite mineralogy 
appears unchanged. Cryptic metasomatism may be caused as percolating or rising 
melts interact with surrounding peridotite, and compositions of both the melt and 
the peridotite change. As demonstrated, the Ritter suite has evidence of both 
cryptic and modal metasomatism. 
 
 The postulation that it is silica enrichment that has created the 
contamination in the Ritter xenoliths is due to clear petrographic evidence of 
reactive percolation of siliceous fluid/melt leading to orthopyroxene crystallisation 
at the expense of olivine. A mechanism for silica enrichment in the mantle has 
been proposed by several authors (Rudnick et al., 1994; Kelemen et al., 1998; 
Pearson & Wittig, 2008). This process was predicted by Kesson & Ringwood (1989), 
and now explains variation in modal orthopyroxene due to fluids and melts 
expelled from subducted oceanic lithosphere, although the effectiveness of this 
process in enriching the mantle in silica has been debated (e.g. Kelemen et al., 
1998). Textural observations indicate that the Ritter xenoliths have experienced at 
least two observable stages of mineralisation that post-date formation of the 
residual(?) protolith. These involve the formation of orthopyroxene along olivine 
grain boundaries and in monomineralic veins that cross-cut coarse olivine as well 
as the final-stage formation of fine-grained fibrous orthopyroxene. As outlined in 
Ionov (2010), this secondary, fine-grained orthopyroxene is thought to be the least 
significant event in relation to modal and major element variation, rather than 
being the main feature of subduction metasomatism, as proposed by Arai et al. 
(2003) and Ishimaru et al. (2007).  
 
 In addition to this, all the clinopyroxene present in the Ritter peridotites 
can be explained as exsolution from orthopyroxene, as a product of melt-consuming 
melt-rock reaction features, or as a crystallisation product of a melt. The presence 
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of interstitial clinopyroxene and the spinel-clinopyroxene intergrowths 
(symplectites) suggest that these reactions occurred late in the geological history of 
the peridotites, post-dating any major deformation. Coupled with some completely 
re-equilibrated, now-dunitic samples, spinel grains preserve chemical features that 
are typically associated with significant replacive dunite formation processes; that 
is, with dissolution of pyroxene and formation of olivine (Kelemen et al., 1992). 
 
 Metasomatic silica enrichment is supported by the whole-rock geochemistry 
of the eleven samples analysed. The contaminated and re-equilibrated samples 
have distinctly higher SiO2 contents than the residual sample.  
 
3.7 Conclusions 
 
 Enrichment, or contamination, resulting in modal and cryptic 
metasomatism is the final indication that the Ritter peridotite suite has 
experienced a long sequence of events that began in the source region of these 
xenoliths up until the point of eruption. The completeness of this suite has allowed 
us gain an understanding from the residual, uncontaminated potential protolith 
through multiple metasomatic episodes to fully re-equilibrated samples, and 
pyroxenites. 
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Table 3.1. Classification of Samples Reference Table 
 
Residual	   Re-­‐equilibrated	   Contaminated	  
	   	   	   	   	   	  Sample	  #	   Description	   Sample	  #	   Description	   Sample	  #	   Description	  
67-­‐02A(4)	   Residual	  Dunite	   62-­‐01(1)	   Dunitic	  Melt	  Channel	   62-­‐02(1)	   Affected	  by	  infiltrated	  melt	  
67-­‐02A(6)	   Residual	  Dunite	   62-­‐01(2)	   Dunitic	  Melt	  Channel	   62-­‐02(3)	   Affected	  by	  infiltrated	  melt	  
67-­‐02B(2)	   Residual	  Dunite	   62-­‐02(2)	  ^	   Pyroxenite	   67-­‐02A(3)	   Affected	  by	  infiltrated	  melt	  
67-­‐02B(4)	   Residual	  Dunite	   62-­‐02(4)	   Dunitic	  Melt	  Channel	   67-­‐02A(5)	   Affected	  by	  infiltrated	  melt	  
67-­‐02D(3)	   Residual	  Dunite	   63-­‐01(1)	   Genesis	  Unknown	   63-­‐01(2)	   Affected	  by	  infiltrated	  melt	  
67-­‐02D(6)	   Residual	  Dunite	   63-­‐01(4)	   Genesis	  Unknown	   63-­‐01(3)	   Affected	  by	  infiltrated	  melt	  
	   	   65-­‐01B	  ^	   Pyroxenite	   67-­‐02B(3)	   Affected	  by	  infiltrated	  melt	  
	   	   67-­‐02A(1)	  ^	   Pyroxenite	   67-­‐02B(5)	   Affected	  by	  infiltrated	  melt	  
	   	   67-­‐02A(2)	   Genesis	  Unknown	   67-­‐02D(5)	   Affected	  by	  infiltrated	  melt	  
	   	   67-­‐02B(1)	   Genesis	  Unknown	   67-­‐02E(2)	   Affected	  by	  infiltrated	  melt	  
	   	   67-­‐02B(5)	   Genesis	  Unknown	   67-­‐02E(3)	   Affected	  by	  infiltrated	  melt	  
	   	   67-­‐02B(6)	  ^	   Pyroxenite	   67-­‐02E(4)	   Completely	  modified	  
	   	   67-­‐02B(7)	   Genesis	  Unknown	   	   	  
	   	   67-­‐02D(1)	   Genesis	  Unknown	   	   	  
	   	   67-­‐02D(2)	   Genesis	  Unknown	   	   	  
	   	   67-­‐02D(4)	   Genesis	  Unknown	   	   	  
	   	   67-­‐02D(7)	   Genesis	  Unknown	   	   	  
	   	   67-­‐02E(1)	   Genesis	  Unknown	   	   	  
	   	   67-­‐02E(5)	   Genesis	  Unknown	   	   	  
	   	   67-­‐02E(6)	   Genesis	  Unknown	   	   	  
^Pyroxenite 
 
 
 
 
 
 
 
Table 3.2. Whole-rock Major Element Geochemistry 
 
	   67-­‐02A(1)	   67-­‐02A(2)	   67-­‐02A(3)	   67-­‐02A(5)	   67-­‐02B(1)	   67-­‐02B(2)	   67-­‐02B(3)	   67-­‐02B(5)	   67-­‐02B(6)	   67-­‐02D(4)	   67-­‐02E(1)	  
	   	   	   	   	   	   	   	   	   	   	   	  Calculated†	  Modal	  %	   	   	   	   	   	   	   	   	   	   	  
Olivine	   	   76.84	   87.04	   77.98	   74.91	   97.22	   86.24	   83.73	   15.6	   79.98	   88.02	  
Opx	   97.14	   21.14	   9.39	   20.47	   22.66	   	   12.23	   12.83	   71.14	   17.89	   11.06	  
Cpx	   4.13	   1.07	   4.69	   1.01	   1.49	   	   1.11	   2.02	   13.99	   2.41	   1.15	  
Spinel	   	   0.47	   0.12	   	   0.64	   0.3	   0.21	   0.91	   	   	   0.22	  
3	  sig.	  error	   	   	   	   	   	   	   	   	   	   	   	  
Olivine	   	   0.79	   1.3	   0.96	   0.82	   0.83	   1.06	   0.65	   1.58	   1.01	   1.11	  
Opx	   0.33	   1.07	   1.78	   1.35	   1.11	   	   1.45	   0.9	   2.09	   1.39	   1.5	  
Cpx	   0.36	   0.59	   0.99	   0.78	   0.62	   0.88	   0.82	   0.51	   1.19	   0.78	   0.85	  
Spinel	   0.17	   0.27	   0.39	   0.32	   0.28	   0.51	   0.36	   0.21	   0.47	   0.35	   0.39	  
Rock	  Type	   pyroxenite	   dunite	   harzburgite	   harzburgite	   harzburgite	   dunite	   harzburgite	   harzburgite	   pyroxenite	   harzburgite	   harzburgite	  
Category	   re-­‐equil.	   re-­‐equil.	   contam.	   contam.	   re-­‐equil.	   residual	   contam.	   contam.	   re-­‐equil	   re-­‐equil.	   re-­‐equil.	  
SiO2	   57.02	   43.34	   43.64	   44.22	   46.32	   40.23	   43.65	   42.43	   54.25	   44.33	   44.98	  
TiO2	   0.03	   0.00	   0.02	   0.03	   0.01	   0.01	   0.01	   0.02	   0.05	   0.01	   0.01	  
Al2O3	   1.02	   0.49	   0.49	   0.61	   0.61	   0.49	   0.41	   0.41	   1.60	   0.59	   0.51	  
Fe2O3*	   7.90	   8.48	   9.20	   8.49	   8.26	   7.19	   8.74	   10.24	   7.64	   8.63	   9.13	  
MnO	   0.17	   0.12	   0.14	   0.12	   0.12	   0.10	   0.12	   0.15	   0.16	   0.12	   0.13	  
MgO	   33.29	   46.87	   46.79	   45.67	   46.34	   49.64	   48.56	   46.13	   33.64	   45.94	   47.15	  
CaO	   1.62	   0.37	   1.27	   0.38	   0.50	   0.24	   0.29	   0.83	   3.91	   0.73	   0.66	  
Na2O	   0.06	   0.08	   0.17	   0.11	   0.08	   0.12	   0.08	   0.10	   0.13	   0.09	   0.07	  
K2O	   0.01	   0.00	   0.04	   0.02	   0.00	   0.02	   0.01	   0.01	   0.03	   0.01	   0.00	  
P2O5	   0.01	   0.01	   0.01	   0.01	   0.01	   0.01	   0.01	   0.01	   0.01	   0.01	   0.01	  
SO3	   0.03	   0.02	   0.02	   0.02	   0.01	   0.02	   0.03	   0.01	   0.02	   0.01	   0.01	  
H2O	  (+)	   0.02	   0.04	   0.06	   0.12	   0.01	   0.11	   0.07	   0.06	   0.03	   0.03	   0.01	  
H2O	  (-­‐)	   0.97	   1.03	   0.94	   1.66	   0.43	   1.24	   0.73	   0.77	   0.79	   0.61	   0.46	  
	   	   	   	   	   	   	   	   	   	   	   	  Total	   101.36	   100.00	   101.86	   100.59	   101.86	   98.69	   101.82	   100.15	   101.49	   100.24	   102.23	  
	  FeO^	   4.69	   6.41	   8.15	   6.40	   4.94	   5.71	   7.19	   8.56	   5.20	   6.91	   7.15	  
Mg#	   89.30	   91.63	   90.97	   91.42	   91.74	   93.19	   91.67	   89.93	   89.72	   91.34	   91.09	  
^FeO measured by wet-chemistry 
*Total Fe as Fe3+ 
†Modal percent back-calculated from whole rock geochemistry (courtesy of Antoine Bénard). 
Table 3.3. Whole-rock Trace Element Geochemistry 
 
Sample	  #	   67-­‐02A(1)	   67-­‐02A(2)	   67-­‐02A(3)	   67-­‐02A(5)	   67-­‐02B(1)	   67-­‐02B(2)	   67-­‐02B(3)	   67-­‐02B(5)	   67-­‐02B(6)	   67-­‐02D(4)	   67-­‐02E(1)	  
Rock	  Type	   pyroxenite	   dunite	   harzburgite	   harzburgite	   harzburgite	   dunite	   harzburgite	   harzburgite	   pyroxenite	   harzburgite	   harzburgite	  
Category	   re-­‐equil.	   re-­‐equil.	   contam.	   contam.	   re-­‐equil.	   residual	   contam.	   contam.	   re-­‐equil	   re-­‐equil.	   re-­‐equil.	  
	   	   	   	   	   	   	   	   	   	   	   	  Al	   1.087	   0.509	   0.510	   0.622	   0.638	   0.482	   0.412	   0.419	   1.715	   0.607	   0.510	  
Si	   57.02	   43.34	   43.64	   44.22	   46.32	   40.23	   43.65	   42.43	   54.25	   44.33	   44.98	  
P	   82.21	   80.89	   88.78	   85.61	   84.08	   88.87	   82.67	   84.05	   94.36	   79.74	   80.29	  
Ca	   1.669	   0.470	   1.367	   0.485	   0.581	   0.353	   0.383	   0.906	   3.865	   0.791	   0.722	  
Sc	   17.24	   7.786	   8.311	   8.920	   9.729	   4.355	   6.972	   9.243	   23.84	   10.34	   11.31	  
Ti	   180.0	   6.870	   89.34	   59.96	   4.218	   63.85	   7.626	   80.88	   279.7	   46.90	   36.28	  
V	   73.25	   42.82	   47.38	   51.05	   48.92	   43.70	   45.23	   50.69	   98.54	   53.33	   55.05	  
Cr	   5259	   2996	   2262	   2228	   3087	   13295	   2391	   2508	   5725	   2171	   2071	  
Mn	   1316	   931.5	   1086	   955.9	   955.2	   754.7	   944.1	   1162	   1204	   971.7	   1021	  
Fe	   53380	   58258	   63243	   58629	   57254	   48932	   60191	   70833	   51662	   59215	   63327	  
Co	   67.65	   113.7	   111.7	   107.6	   108.5	   113.0	   115.5	   115.6	   61.33	   109.8	   115.9	  
Ni	   474.7	   2401	   2289	   2251	   2261	   2804	   2457	   2356	   649.3	   2267	   2348	  
Cu	   8.894	   18.61	   15.78	   12.06	   99.54	   15.41	   12.27	   12.63	   84.76	   107.9	   20.85	  
Zn	   33.45	   30.08	   31.95	   30.16	   29.39	   32.48	   28.94	   37.21	   33.04	   30.67	   31.18	  
Ga	   1.178	   0.359	   0.464	   0.590	   0.392	   0.603	   0.348	   0.486	   1.545	   0.502	   0.489	  
Rb	   0.096	   0.075	   0.607	   0.258	   0.044	   0.300	   0.088	   0.228	   0.477	   0.196	   0.042	  
Sr	   1.980	   0.877	   13.300	   5.388	   0.505	   7.443	   1.036	   4.956	   17.223	   4.298	   0.539	  
Y	   0.352	   0.038	   0.419	   0.239	   0.035	   0.273	   0.055	   0.290	   1.131	   0.233	   0.137	  
Zr	   0.243	   0.143	   0.794	   0.570	   0.272	   0.960	   0.139	   0.407	   1.469	   0.440	   0.201	  
Nb	   0.039	   0.028	   0.028	   0.027	   0.023	   0.092	   0.024	   0.027	   0.050	   0.029	   0.019	  
Cs	   0.009	   0.006	   0.022	   0.021	   0.005	   0.016	   0.007	   0.010	   0.023	   0.012	   0.005	  
Ba	   0.379	   0.352	   3.108	   1.551	   0.206	   1.978	   0.354	   1.305	   3.283	   1.103	   0.230	  
La	   0.082	   0.063	   0.199	   0.131	   0.078	   0.158	   0.063	   0.128	   0.305	   0.138	   0.058	  
Ce	   0.071	   0.102	   0.394	   0.239	   0.043	   0.245	   0.028	   0.155	   0.510	   0.144	   0.044	  
Pr	   0.012	   0.006	   0.051	   0.026	   0.006	   0.035	   0.004	   0.025	   0.085	   0.022	   0.006	  
Nd	   0.063	   0.029	   0.261	   0.126	   0.028	   0.177	   0.023	   0.136	   0.453	   0.107	   0.036	  
Sm	   0.024	   0.011	   0.073	   0.041	   0.014	   0.051	   0.010	   0.048	   0.147	   0.039	   0.015	  
Eu	   0.010	   0.003	   0.026	   0.013	   0.004	   0.016	   0.003	   0.016	   0.052	   0.011	   0.005	  
Gd	   0.036	   0.016	   0.085	   0.043	   0.014	   0.051	   0.014	   0.055	   0.191	   0.049	   0.022	  
Tb	   0.008	   0.002	   0.014	   0.007	   0.003	   0.009	   0.002	   0.010	   0.037	   0.008	   0.004	  
Dy	   0.060	   0.011	   0.102	   0.056	   0.011	   0.063	   0.011	   0.073	   0.260	   0.052	   0.028	  
Ho	   0.018	   0.003	   0.022	   0.013	   0.003	   0.014	   0.003	   0.016	   0.061	   0.013	   0.007	  
Er	   0.061	   0.010	   0.066	   0.042	   0.008	   0.043	   0.012	   0.050	   0.191	   0.040	   0.029	  
Tm	   0.012	   0.002	   0.011	   0.008	   0.002	   0.008	   0.002	   0.009	   0.031	   0.007	   0.006	  
Yb	   0.090	   0.016	   0.070	   0.052	   0.019	   0.046	   0.017	   0.054	   0.204	   0.047	   0.044	  
Lu	   0.017	   0.004	   0.014	   0.010	   0.005	   0.009	   0.004	   0.010	   0.034	   0.010	   0.009	  
Hf	   0.017	   0.012	   0.034	   0.025	   0.015	   0.032	   bdl	   0.018	   0.050	   0.015	   0.018	  
Ta	   bdl	   0.005	   0.003	   0.004	   bdl	   bdl	   bdl	   0.004	   0.004	   0.004	   0.005	  
Pb	   8.051	   0.265	   0.502	   0.352	   0.235	   0.315	   0.224	   0.311	   0.442	   0.252	   0.255	  
Th	   0.010	   0.010	   0.024	   0.018	   0.008	   0.023	   0.008	   0.015	   0.031	   0.016	   0.008	  
U	   0.015	   0.006	   0.015	   0.013	   0.005	   0.012	   0.009	   0.008	   0.015	   0.011	   0.004	  
Table 3.4. Thermobarometry of the Ritter xenoliths 
 
Sample	  #	   Category	   Cr#	   Mg#	   	   T	  (°C)	   	   ∆log(fO2)
FMQ	  
	   	   spi	   olv	   	   BKN	   Wells	   Ca	  in	  opx	   O’NW	   BBG	   	   BBG	  
62-­‐01(1)	   re-­‐equil.	   77.01	   91.26	   	   -­‐	   -­‐	   -­‐	   593	   708	   	   0.57	  
62-­‐01(2)	   re-­‐equil.	   88.86	   92.64	   	   -­‐	   -­‐	   -­‐	   569	   692	   	   1.42	  
62-­‐02(1)	   contam.	   39.97	   88.08	   	   -­‐	   -­‐	   -­‐	   434	   737	   	   1.83	  
62-­‐02(2)^	   re-­‐equil.	   -­‐	   -­‐	   	   -­‐	   -­‐	   -­‐	   -­‐	   -­‐	   	   -­‐	  
62-­‐02(4)	   re-­‐equil.	   79.72	   91.38	   	   -­‐	   -­‐	   -­‐	   568	   700	   	   0.98	  
63-­‐01(1)	   re-­‐equil.	   59.83	   92.07	   	   802	   881	   927	   727	   915	   	   0.22	  
63-­‐01(2)	   contam.	   65.13	   92.25	   	   954	   980	   1042	   721	   927	   	   0.85	  
63-­‐01(3)	   contam.	   78.20	   91.30	   	   1193	   1154	   950	   853	   1142	   	   0.65	  
63-­‐01(4)	   re-­‐equil.	   70.26	   92.17	   	   949	   969	   926	   584	   736	   	   0.99	  
65-­‐01B^	   re-­‐equil.	   66.18	   -­‐	   	   899	   947	   973	   -­‐	   -­‐	   	   -­‐	  
67-­‐02A(1)^	   re-­‐equil.	   69.76	   -­‐	   	   735	   828	   905	   -­‐	   -­‐	   	   -­‐	  
67-­‐02A(2)	   re-­‐equil.	   56.26	   91.88	   	   649	   775	   894	   657	   796	   	   -­‐0.22	  
67-­‐02A(3)	   re-­‐equil.	   78.74	   91.13	   	   1009	   1020	   922	   809	   1102	   	   0.90	  
67-­‐02A(4)	   residual	   62.66	   91.58	   	   -­‐	   -­‐	   -­‐	   622	   843	   	   1.06	  
67-­‐02A(5)	   re-­‐equil.	   65.43	   91.60	   	   839	   895	   953	   740	   1033	   	   0.92	  
67-­‐02A(6)	   residual	   68.53	   91.64	   	   567	   716	   879	   594	   766	   	   1.00	  
67-­‐02B(1)	   re-­‐equil.	   55.91	   91.68	   	   630	   763	   932	   667	   780	   	   -­‐1.18	  
67-­‐02B(2)	   residual	   88.65	   94.07	   	   -­‐	   -­‐	   -­‐	   739	   895	   	   1.27	  
67-­‐02B(3)	   contam.	   55.04	   91.69	   	   805	   872	   868	   714	   856	   	   -­‐1.05	  
67-­‐02B(4)	   residual	   45.33	   92.52	   	   -­‐	   -­‐	   -­‐	   543	   670	   	   1.02	  
67-­‐02B(5)	   contam.	   73.89	   90.84	   	   1037	   1020	   1032	   708	   1025	   	   1.50	  
67-­‐02B(6)^	   re-­‐equil.	   73.18	   86.38	   	   890	   925	   1022	   929	   1313	   	   0.04	  
67-­‐02B(7)	   re-­‐equil.	   52.01	   91.65	   	   770	   847	   778	   609	   718	   	   -­‐1.04	  
67-­‐02D(1)	   re-­‐equil.	   60.43	   90.98	   	   917	   958	   1066	   611	   706	   	   -­‐1.27	  
67-­‐02D(2)	   re-­‐equil.	   65.11	   91.44	   	   961	   975	   985	   666	   843	   	   0.44	  
67-­‐02D(3)	   residual	   77.56	   92.17	   	   954	   976	   824	   547	   733	   	   1.84	  
67-­‐02D(4)	   re-­‐equil.	   59.15	   91.61	   	   852	   913	   942	   586	   808	   	   1.16	  
67-­‐02D(5)	   contam.	   66.09	   91.38	   	   879	   919	   971	   772	   1039	   	   0.49	  
67-­‐02D(6)	   residual	   78.47	   93.48	   	   -­‐	   -­‐	   -­‐	   726	   928	   	   1.14	  
67-­‐02D(7)	   re-­‐equil.	   66.51	   92.43	   	   939	   955	   903	   694	   924	   	   1.16	  
67-­‐02E(1)	   re-­‐equil.	   49.46	   90.83	   	   779	   864	   931	   630	   752	   	   -­‐1.43	  
67-­‐02E(2)	   contam.	   56.94	   91.82	   	   721	   823	   911	   636	   790	   	   0.27	  
67-­‐02E(3)	   contam.	   57.50	   90.29	   	   810	   873	   833	   663	   832	   	   -­‐0.25	  
67-­‐02E(4)	  ^	   contam.	   -­‐	   -­‐	   	   	   	   706	   	   	   	   	  
67-­‐02E(5)	   re-­‐equil.	   55.96	   91.69	   	   625	   760	   912	   560	   720	   	   0.78	  
67-­‐02E(6)	   re-­‐equil.	   76.10	   92.06	   	   883	   922	   942	   627	   804	   	   1.23	  
^Pyroxenite 
 
Temperatures presented are calculated using the Fe-Mg exchange geothermometer of O’Neill & Wall (O’NW) (1987), the two-pyroxene method 
of Wells (Wells) (1977) and Brey, Kohler & Nickel (BKN) (1990), and the Ca-in-orthopyroxene (Ca in opx) method of Kohler & Brey (1990).  
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4.1  Introduction 
 
Mantle xenoliths from Lihir, Tubaf and Edison have been discovered and 
are described by McInnes and Cameron (1994), McInnes et al. (2001), Grégoire et 
al. (2001), Franz and Wirth (2000), Franz et al. (2002) and Kamenov et al. (2008). 
The mantle peridotites described by these authors are spinel and rare spinel–
plagioclase harzburgites with clinopyroxene and olivine orthopyroxenites, crosscut 
by orthopyroxene-, clinopyroxene-, phlogopite-, amphibole-, magnetite-, and Fe-Ni-
sulphide-bearing veins. All the rocks have evidence of some degree of 
metasomatism, with complex compositional effects. These rocks are interpreted as 
mantle, residual from MORB formation, which was subsequently metasomatised 
by hydrous, oxidising, alkali- and SO2-rich fluids derived from dehydration of 
subducted, altered oceanic crust. Estimated equilibrium temperatures range from 
880-1140 °C with a maximum between 1000-1050 °C (Neumann and Simon 2009).  
 
The Tabar-Lihir-Tanga-Feni (TLTF) islands comprise lavas with 
geochemical features typical for subduction related magmatism, and the lavas that 
transported the Tubaf xenoliths to the surface are Quaternary in age. Despite 
metasomatic overprint these xenoliths are described as predominantly fresh, and 
extremely refractory. The petrographical and geochemical characteristics of the 
Tubaf mantle xenoliths are thought to be the product an early depletion event due 
to partial melting that was overprinted by alkali enrichment and oxidation related 
to percolation of hydrous, slab-derived melts.  
 
4.2  Geological Setting & Background 
 
The oceanic region northeast of the mainland of Papua New Guinea is home 
to the Bismarck Archipelago, numerous small basins and seas. The region 
comprises the island arcs of New Britain (see Chapters 1–3), New Hanover, New 
Ireland, Bougainville, and the Solomons.  
 
The New Ireland Basin is 900 km long and 160 km wide, and is a former 
forearc basin (Exon & Tiffin, 1982). The TLTF Arc is a 260 km long late Tertiary-
Quaternary island chain in the New Ireland Basin and is located about 30-70 km 
off-shore of New Ireland (Fig. 4.1; Horz et al., 2004; Kamenov et al., 2008). The 
TLTF Arc is NW/SE trending and runs trench-parallel with the island groups (of 
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Tabar, Lihir, Tanga and Feni) equally spaced at ~75 km apart (Kamenov et al., 
2008). It is located in this intra-oceanic setting on the North Bismarck Microplate 
that overrides the Pacific Plate at the currently inactive Manus-Kilinailau Trench 
(Neumann & Simon, 2009). 
 
Oblique, westward subduction of the Pacific plate beneath the Indo-
Australian Plate began in the Eocene at the Manus-Kilinailau Trench. The 
volcanic arc that developed was the then contiguous New Hanover, New Ireland, 
Bougainville, Solomons and New Britain blocks (Horz et al., 2004). The New 
Ireland Basin formed as a late Eocene non-volcanic, fore-arc basin (Exon & Tiffin, 
1982). Voluminous arc volcanism continued through the Oligocene and Miocene 
until the late Miocene (~15 Ma) when the Ontong Java Plateau, a buoyant, 
thickened area of oceanic crust, collided with the Manus-Kilinailau Trench causing 
the cessation of the Pacific Plate subduction (Coleman & Kroenke, 1981). 
Continued convergence was accommodated by stress relocation, plate rotation, and 
subduction polarity reversal with the Indo-Australian Plate now subducting under 
the Pacific Plate at the New Britain-San Cristobal Trench (Franz et al., 2002; 
Kamenov et al., 2008). The Bismarck and Solomon Microplates formed through 
crustal extension in the Pliocene with spreading opening the Manus Basin (~3.5 
Ma). During the back-arc spreading of the Manus Basin, proto-New Britain was 
transported southeastward overriding the New Britain Trench to its current 
position. In this journey the island collided with both mainland PNG and New 
Ireland. This caused left lateral segmentation and NW-SE transform faulting of 
the Manus Basin, and transform faulting of New Britain and New Ireland 
(McInnes & Cameron, 1994). The New Ireland Basin is now in a back-arc setting, 
truncated by this transform fault system and cut with NNE-striking extensional 
faults (Horz et al., 2004; Exon & Tiffin, 1982). 
 
The most recent magmatism in the New Ireland Archipelago (the TLTF Arc) 
occurred during the Pliocene-Pleistocene, ~3 Ma after the last arc lavas erupted on 
New Hanover and New Ireland associated with the westward-dipping subduction 
of the Pacific Plate. Volcanic activity first started on Simberi Island in the Tabar 
Island group ~3.6 Ma on the old forearc crust (Kamenov et al., 2008). The most 
recent onland eruption occurred on Feni Island ~2.3 ky and hydrothermal activity 
persists at each of the four island groups today (Franz et al., 2002; Horz et al., 
2004). This current volcanism is related to small pull-apart basins that are 
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bounded by the NNE-striking faults caused by the initiation of back-arc spreading 
in the Manus Basin. The volcanoes do not overlie an active subduction system but 
the pull-apart basin development and thinning of the New Ireland Basin 
lithosphere has most likely caused uplift and adiabatic decompression melting of 
the underlying mantle regions previous modified by the original subduction along 
the Manus-Kilinailau Trench (McInnes, 1999). It is thought that melt generation 
was triggered by the strong metasomatic influence from the underlying stalled 
Pacific Plate which penetrated the overlying mantle segment and also induced the 
formation of extensively veined mantle sections (Franz et al., 2002; Franz & 
Romer, 2010). 
 
 
Figure 4.1. Location of Tubaf Seamount in the Tabar-Lihir-Tanga-Feni Arc and the 
surrounding Papua New Guinea Region. 
 
The volcanoes of the TLTF Arc belong to the highly alkaline, silica-
undersaturated magma series and produce basanite, alkali-olivine basalt, olivine 
nephelinite, tephrite, ankaramite, trachy-basalt, trachy-andesite, tephritic 
phonolite, and phonolitic trachyte (Johnson, 1976; Kennedy et al., 1990; Herzig et 
al., 1994). These are unique rocks in the Bismarck Archipelago and fit models of 
regional convergence overprinted by local extension (Herzig et al., 1994). Lihir is a 
Pliocene to Holocene volcanic complex, the largest in the TLTF Arc. Some of the 
most recent volcanic products of the TLTF Arc are from the Tubaf and Edison 
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submarine cinder cones of Lihir (Herzig et al., 1994). It is the Tubaf cinder cone 
(Fig. 4.1) from which the mantle xenoliths of this study are derived. 
 
4.3  Samples 
 
4.3.1 Collection & Description 
 
The sample suite presented in this chapter is a subset of the dredged 
products obtained during the SHAARC research voyage (FR04/00) with the RV 
Franklin in Papua New Guinea and the Solomon Islands. The SHAARC research 
team conducted a multi-disciplinary investigation (volcanology, petrology, 
geochemistry and economic geology) of submarine volcanic-hydrothermal systems 
in island arc regions of Papua New Guinea and the Solomon Islands. FR04/00 
investigations of the TLTF and Solomon Island convergent margins aimed to 
generate a better understanding of the fundamental geological processes of 
submarine arc volcanism (McInnes et al., 2000).  
 
Targets of this research voyage included the active hydrothermal vents on 
submarine cinder cones off the southern coast of Lihir Island. Dredge and grab 
sampling programs were successfully implemented on two of these small, explosive 
seamounts: Edison and Tubaf. The primary purpose of this was to collect xenolith 
samples of the oceanic lithosphere. These programs were successful, recovering 
over 250 xenoliths of peridotite, gabbro, basalt and crustal sediments. 
 
 On the 7th and 8th of May, 2000, at Sites #18 and #19, cobble to pebble sized 
materials were obtained from the summit of Tubaf, comprising phlogopite-
amphibole-clinopyroxene-bearing basalt enclosing a variety of xenolithic 
lithologies. Site #18 (SHDR-08) is located at 3°15.34’S and 152°32.60’E. Site #19 
(SHDR-09) is located at 3°15.34’S and 152°32.67’E. In the voyage report (McInnes 
et al., 2000), the xenolithic lithologies are reported as including harzburgite, 
gabbro and mudstone, carbonaceous mudstone, and volcaniclastic sedimentary 
rocks. While the external form of the cobbles and pebbles were rounded, the 
xenoliths are described as mostly angular and fractured. In addition, many of the 
gabbros have a tectonic fabric. McInnes et al., (2000) hypothesise that the 
peridotitic and gabbroic xenoliths are likely to be representative of the deeper 
lithologies of the forearc lithosphere.  
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The study that follows is the first to be undertaken on the dredged 
peridotites from Tubaf that were acquired during the SHAARC research voyage. 
 
4.3.2 Petrography 
 
This study set comprises 10 peridotites with similar modal percentages of 
olivine, orthopyroxene and clinopyroxene. All samples are classified as harzburgite 
with the exception of 136309-1A and 136309-1K. Sample 136309-1A exhibits effects 
of secondary processes, but maintains some of its original texture and is thought to 
have originally been a dunite. Sample 136309-1K has been extensively re-
crystallised. None of the samples are weathered or serpentinised.  Full-size scans 
of the 10 thin sections in plane-polarised and cross-polarised transmitted light are 
presented in Appendix A.  
 
The harzburgites of this study are all garnet-free. Spinel is ubiquitous but 
forms a low modal percentage of the xenoliths (~0.5-1.5%) compared with fertile 
mantle peridotite (Pearson et al., 2003; Ionov, 2007). Unlike the dunites, 
harzburgites and pyroxenites of Ritter, the host rock of the Tubaf samples contains 
amphibole and phlogopite. These minerals are only present within the xenoliths as 
veins, and are a direct product of host magma contamination.  
 
  
  
Figure 4.2.  Photomicrographs of representative Tubaf host lava. a) & b) 136309-1D 
in reflected and polarised light. c) & d) 136309-1K in reflected and polarised light. 
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A range of rocks from Tubaf has been described in the literature. McInnes et 
al., (2001) outlines three different textural types (Type A – pristine, anhydrous 
samples displaying no development of fibrous orthopyroxene; Type B – 
metasomatised samples with ‘clouding’ of pyroxene; and Type C – metasomatised 
samples with cross-cutting veins and secondary mineral crystallisation). As 
outlined in Chapter 2, separating source from process is valuable where possible, 
through petrographical classification. As such, the samples of this study are 
classified according to the scheme defined in Chapter 2 in association with 
traditional textural classifications (Table #). The samples range from fine- to 
medium-grained, with textural classifications of porphyroclastic and granuloblastic 
(textural definitions from Harte (1977), with reference to Mercier & Nicolas 
(1975)).  
 
Sample 136309-1B is classified as residual. This sample shows no evidence 
of veining, or alteration of orthopyroxene, and contains large, clear minerals. 
136309-1S also appears to be relatively un-contaminated but does contain 
phlogopite and amphibole, indicative of host magma infiltration.  
 
  
Figure 4.3. Residual harzburgite textures. a) 120° grain boundaries in sample 
136309-1B. b) Spinel and olivine in sample 136309-1S. 
 
Sample 136309-1K is classified as re-equilibrated due to the presence of 
localised fine-grained recrystallisation, which is granuloblastic in texture (Fig. 4.4). 
This is texturally comparable to the re-equilibrated sample suite in Ritter, which 
has experienced melt percolation in the mantle. This sample does contain 
phlogopite and amphibole, so is a contaminated sample, but is justifiably not 
classified as such due to its unique texture and the well-preserved nature of the 
recrystallised dunite. The decision to keep this sample classified separately has 
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been made for the purpose of revealing mineralogical diversity arising from 
different petrogenetic processes in sections 4.5 and 4.6. 
 
  
Figure 4.4. Re-equilibrated texture of sample 136309-1K. a) Equigranular olivine. 
b) Dispersed Cr-spinel grains. 
 
Seven of the Tubaf harzburgites are texturally similar to the contaminated 
porphyroclastic harzburgites of Ritter. Peridotites from both localities have 
experienced contamination by fluid/melt invasion resulting in pyroxenite veining. 
The pyroxenite veins that cross cut the peridotites are orthopyroxene-rich with 
minor olivine and clinopyroxene. Sample 136309-1A is thought to have been 
originally dunitic but is now confidently classified as contaminated as it exhibits 
extensive mineral replacement and acicular orthopyroxene veining. 
 
  
Figure 4.5. Contamination in sample 136309-1A. a) Acicular orthopyroxene vein. b) 
Secondary, fibrous orthopyroxene growth.  
 
Olivine ranges in grain-size from >>2 mm to <0.1 mm. The larger grains are 
predominantly anhedral to subhedral and contain undulose extinction or kink 
banding (Fig. 4.6). Strain induced elongation is often present in the larger olivine 
porphyroclasts.  
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Figure 4.6. Olivine with undulose extinction. a) 136309-1AA. b) 136309-1B. 
 
Coarse orthopyroxene is abundant, often exhibiting fine clinopyroxene 
lamellae or the crazed texture also seen in the Ritter xenoliths. There is a low 
modal abundance of clinopyroxene with small grain-size <500 mm.  
 
  
Figure 4.7. a) Orthopyroxene with exsolution lamellae in sample 136309-1B. b) 
Orthopyroxene with crazed texture in sample 136309-1A. 
 
Spinel ranges from euhedral to anhedral (Fig. 4.8) and ranges in size up to 
~1 mm. The spinel displays characteristic isotropic nature, high relief, no cleavage, 
and is dark red to black in colour.  
 
  
Figure 4.8. a) Euhedral spinel in sample 136309-1AA. b) Anhedral spinel in sample 
136309-1G. 
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4.4  Analytical Methods 
 
4.4.1 A Comment on Thin Section vs. Mineral Separates  
 
In Chapter 3, major mineral components of the xenoliths were analysed 
both ‘in-situ’ within a thin section, and individually, as mineral separates. The 
luxury of having analyses from both of these methods allows for brief comment on 
the merits and disadvantages of each. The obvious advantage to in-situ analysis is 
the petrographical context. There is also less (direct) grain-size bias when the 
whole thin section is available for analysis. In a complex system such as that of the 
Ritter peridotites, understanding the context of a grain is essential. However, to 
obtain a reasonable quantity of quality analyses, particularly on the LA-ICPMS, 
liberated grains are ideal. There is a significantly reduced possibility of mixed 
analyses, and the opportunity for multiple analyses and techniques to be used on 
the same grain. This is an efficient and effective technique for data collection. It is 
not suggested that either of these techniques are standalone, but it is important to 
concede that a greater understanding of the geochemical composition of the 
minerals can be obtained through mineral separation.  
 
4.4.2 Mineral Separation 
 
The xenoliths were separated using the SelFrag electrostatic rock 
disaggregation facility at Macquarie University. This instrument uses high-voltage 
electrical pulses to disaggregate rocks and other materials along the grain 
boundaries. It removes the need to crush rocks for mineral separation, and 
provides a higher proportion of unbroken grains. This process requires no 
mechanical contact to the sample, reducing the risk of contamination. The 
disaggregated yield was then handpicked under an optical microscope minerals 
separated by type for each sample.  These mineral grains were then mounted in 
epoxy and polished. Mounts were made for olivine, orthopyroxene, clinopyroxene 
and spinel. Approximately 20 grains of each mineral in each sample were mounted 
and analysed. Each line of grains represents a sample. These mineral mounts were 
imaged on the Scanning Electron Microscope at the School of Earth Sciences, 
University of Bristol which operates a Hitachi S-3500N variable pressure 
microscope equipped with an EDAX Genesis energy dispersive spectrometer (EDS 
X-ray detector). 
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4.4.3 Electron Microprobe Analysis 
 
Major and minor elements were analysed using a Cameca SX100 electron 
microprobe (EMP) at the Research School of Earth Sciences, Australian National 
University (RSES, ANU). EMP analyses were performed in wavelength dispersive 
mode (WDS) under routine conditions. The accelerating voltage was 15 kV and 
beam current was 20 nA with a minimum of 20 s counting time on element peaks. 
A 1 µm beam diameter was used for spot analysis. Core and rim analyses as well as 
line profiles were obtained to check the homogeneity of crystal phases. The natural 
silicates Kakanui augite, San Carlos olivine and chromite, rhodonite, TiO2, 
phlogopite, and hornblende were used as standards. Select thin sections were also 
imaged on the Scanning Electron Microscope (SEM) at the School of Earth 
Sciences, University of Bristol which operates a Hitachi S-3500N variable pressure 
microscope equipped with an EDAX Genesis energy dispersive spectrometer (EDS 
X-ray detector). 
 
4.4.4 Laser Ablation Inductively Coupled Mass Spectroscopy 
 
Trace element analyses were obtained using the LA ICP-MS at RSES, ANU. 
Spot scan mode was utilised with a spot size of 105 µm for olivine and 
orthopyroxene grains, with a frequency of 5 Hz and an energy output of 50 mJ. 
Spot scan mode was utilised with a spot size of 81 µm for clinopyroxene and spinel 
grains (except for 16 analyses at 47 µm), with a frequency of 6 Hz and an energy 
output of 50 mJ. The nebuliser gas medium for ablation was He + Ar. The ablation 
gas was mixed into argon in the sampling cup in the cell, as the mass spectrometer 
requires the incoming flow to be mainly argon. NIST 612 was used as primary 
calibration standard and BCR-2G was used as secondary standard. Two analyses of 
the primary standard were made for every 10 unknowns, with drift corrections 
applied using a weighted mean of the standard composition. BCR-2G was analysed 
after each standard to assess accuracy and precision. SiO2 was used as internal 
standard for olivine and orthopyroxene grains; CaO was used as the internal 
standard for clinopyroxene grains, and Cr2O3 for spinel grains. The compositions of 
these major elements were previously determined by EMPA. Data were reduced 
using the Iolite software package developed by the Melbourne Isotope and Trace 
Element Group at the University of Melbourne (see Paton et al., 2011). 
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4.5  Mineral Compositions 
 
4.5.1 Olivine 
 
The olivine from the Tubaf xenoliths is relatively homogenous in 
composition compared with the olivine derived from Ritter peridotites. The Fo# 
ranges from 87-91 and two groups can be observed with the majority of samples 
clustering at Fo# 90-91 and the olivine from sample 136309-1A forming a low MgO 
group.  
 
CaO contents in olivine grains are consistently very low at <0.05 wt%. 
Mantle olivine is categorised as low CaO at <0.15 wt% (Rohrbach et al., 2005). The 
stoichiometric relationship of MgO vs. FeO (Fig. 4.9a) is preserved with the MgO 
range (46.7-50.3 wt%) of the olivine from Tubaf plotting with the contaminated and 
re-equilibrated samples from Ritter. The Tubaf samples overlap the residual 
samples from Ritter but do not extend to such high MgO contents. Olivine is 
generally more forsteritic in the residual mantle with a correspondingly low Ca 
content as Ca concentration of olivine is dependant on the Fo content of the olivine 
(Arai, 1994; Libourel, 1999; Takahashi, 1990). But as seen in Ritter, the Tubaf data 
do not show a linear trend for CaO vs. Fo# (Fig. 4.10).  
 
Shown in the NiO vs. Fo# plot (Fig. 4.10) there are two populations in both 
the Ritter and Tubaf samples, low-Ni (<0.3 wt% NiO) and high-Ni (>0.3 wt% NiO) 
olivine. In the Ritter suite the low Ni concentration in dunitic olivine is thought to 
be due to percolating melts affecting harzburgite wall-rock (Kelemen et al., 1992) 
with the olivine of the samples petrographically consistent with dunitic melt 
reaction channels falling within the low-Ni olivine group. In the Tubaf suite, the 
low Ni samples correspond with the lowest Fo#, which is unlike a residual melt and 
may suggest a similar genesis to those in this grouping from Ritter. 
 
There is a linear relationship between Fo# and SiO2. SiO2 increases with 
increasing Fo# (Fig. 4.10). Olivine from the isolated sample of 136309-1A plots at 
the lowest SiO2 values and MgO values, similar to the contaminated samples in the 
Ritter suite, with the rest of the Tubaf suite trending to higher SiO2 comparable to 
the re-equilibrated suite in Ritter. MnO (0.1-0.2 wt%) and FeO* (8.2-12.4 wt%) 
have a negative linear relationship vs. Fo#. The highest MnO and FeO* values are 
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in 136309-1A. FeO* vs. MnO is plotted here (Fig. 4.9) to highlight the geochemical 
similarity of Mn and Fe in these olivine analyses, also seen in the Ritter suite.  
 
  
  
Figure 4.9. Bivariate plots for olivine major element analyses. a) MgO vs. FeO*. b) 
MgO vs. FeO* Tubaf only. c) FeO* vs. MnO. d) FeO* vs. MnO Tubaf only. 
 
  
  
  
  
Figure 4.10. Bivariate plots for olivine major element analyses. a) Fo# vs. SiO2. b) 
Fo# vs. SiO2 Tubaf only. c) Fo# vs. MnO. d) Fo# vs. MnO Tubaf only. e) Fo# vs. 
NiO. f) Fo# vs. NiO Tubaf only. g) Fo# vs. CaO. h) Fo# vs. CaO Tubaf only. 
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4.5.2 Orthopyroxene 
 
The orthopyroxene analyses from the Tubaf xenoliths of this study were 
targeted based on the most petrographically ‘primary’ grains possible. The 
orthopyroxene grains analysed were selected in an attempt to gain an 
understanding of the original peridotite mineralogy, not the secondary 
metasomatic processes.  
 
Orthopyroxene Mg# from the peridotite samples varies from 90.5-92.8 with 
a few outliers between Mg# 88.5-89.5. No distinction can be made between those 
samples from contaminated and residual categories with the exception of Al2O3 
compositions being consistently high (2.0-2.2 wt%) in the residual sample. There 
are no orthopyroxene analyses from re-equilibrated sample 136309-1K. All samples 
plot within the enstatite field of the pyroxene quadrilateral (Fig. 4.12).  
 
There is very little variation in Al2O3, CaO or Cr2O3 with Mg#, however a negative 
trend in Mg# vs. SiO2 can be observed in the Tubaf samples, which is different to 
the Ritter and global arc peridotite trend of increasing SiO2 content with increasing 
Mg# (Fig. 4.11).  
 
Compared to orthopyroxene from global arc peridotites and Ritter, 
concentrations of Al2O3, Cr2O3, CaO and TiO2 in the Tubaf suite are typical and 
plot within the compositional space of the peridotites from Ritter. There is a 
positive correlation between CaO, Cr2O3 and Al2O3 (Fig. 4.13) in the orthopyroxene 
grains, which follows the trend of the literature data.  
 
There is some scatter observed with a small number of samples at lower 
Mg# plotting with the contaminated and the high Mg# pyroxenite samples from 
Ritter. These are from contaminated sample 136309-1F and are likely melt 
infiltration products. They will not be discussed further. 
 
4.5.3 Clinopyroxene 
 
All Tubaf peridotites contain a low modal percentage of clinopyroxene.  Like 
the clinopyroxene in the Ritter samples, there is no clear compositional distinction 
between the categories of residual, re-equilibrated and contaminated. The 
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exception to this is the Na2O content, with the residual sample plotting at low 
Na2O contents, the re-equilibrated sample plotting at higher Na2O contents, and 
the contaminated samples spanning the full compositional range (Fig. 4.14).  
 
  
  
  
  
Figure 4.11. Bivariate plots for orthopyroxene major element analyses. a) Mg# vs. 
SiO2. b) Mg# vs. SiO2 Tubaf only. c) Mg# vs. Cr2O3. d) Mg# vs. Cr2O3 Tubaf only. e) 
Mg# vs. CaO. f) Mg# vs. CaO Tubaf only. g) Mg# vs. Al2O3. h) Mg# vs. Al2O3 Tubaf 
only. 
	  
Figure 4.12. Pyroxene quadrilateral for orthopyroxene major element analyses. 
Samples coloured by category. All samples fall within the enstatite field. 
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Figure 4.13. Bivariate plots for orthopyroxene major element analyses. a) Al2O3 vs. 
CaO. b) Al2O3 vs. CaO Tubaf only. c) Al2O3 vs. Cr2O3. d) Al2O3 vs. Cr2O3 Tubaf only.  
 
In the bivariate plots vs. Mg# there are two clear groups. Firstly, a high 
Mg# group (92.9-95.4) in which the bulk of the clinopyroxene data resides and 
secondly, a low Mg# group (82.1-90.0) in which there is a scatter of data from the 
three samples: 136309-1A, 136309-1G and 136309-1K. The three samples in the 
low Mg# group also have analyses which plot in the main high Mg# group. The low 
Mg# group is associated with low SiO2 and Cr2O3, and high TiO2, Na2O and MnO. 
There is no distinction in Al2O3 content (0.8-3.7 wt%) or CaO content (22.7-26.0 
wt%) between the two Mg# groups and Al2O3 is used in Fig. 4.14 to show the 
compositional variations mentioned above. The low Mg# group can be seen as 
scatter on the global arc picrite and Ritter comparison plots as well. It overlaps 
with clinopyroxene from the Ritter pyroxenites and extends to Mg# values lower 
than those of the Ritter suite and include some of the lowest Mg# values globally.  
 
The clinopyroxene of this suite is considered high-Ca, plotting in the 
diopside-augite field on the pyroxene quadrilateral (Morimoto, 1989) with the bulk 
of the analyses (the high Mg# group) low in Na2O content (<0.3 wt%) which is 
typical for arc peridotites (Fig. 4.15).  
 
Negative trends are observed between Na2O and CaO, and SiO2 and Al2O3, 
which mimic the global trends for these oxides. However for Al2O3 vs. Cr2O3 the two 
Mg# groups have very different trends, with the low Mg# group trending quite 
differently to that of the majority of the literature data. The high Mg# group plots 
consistently with the Ritter peridotite data.  
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Figure 4.14. Bivariate plots for clinopyroxene major element analyses. a) Mg# vs. 
CaO. b) Mg# vs. CaO Tubaf only. c) Mg# vs. TiO2. d) Mg# vs. TiO2 Tubaf only. e) 
Mg# vs. SiO2. f) Mg# vs. SiO2 Tubaf only. g) Mg# vs. Na2O. h) Mg# vs. Na2O Tubaf 
only. i) Mg# vs. MnO. j) Mg# vs. MnO Tubaf only. k) Mg# vs. Cr2O3. l) Mg# vs. 
Cr2O3 Tubaf only. m) Mg# vs. Al2O3. n) Mg# vs. Al2O3 Tubaf only. o) Al2O3 vs. 
Cr2O3. p) Al2O3 vs. Cr2O3 Tubaf only. q) Al2O3 vs. SiO2. r) Al2O3 vs. SiO2 Tubaf only. 
s) Al2O3 vs. Mg#. t) Al2O3 vs. Mg# Tubaf only. u) CaO vs. Na2O. v) CaO vs. Na2O 
Tubaf only.  
 
Figure 4.15. Ternary plot for clinopyroxene major element analyses. Samples 
coloured by category. All samples fall within the diopside-augite field. 
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4.5.4 Spinel 
 
The spinel in the Tubaf peridotites does not reach the extreme values of 
Cr#, Mg# and Fe# as the spinel in the Ritter samples, but does fall within the 
compositional range of the Ritter spinel. The Tubaf spinel spans an Mg# range of 
33.3-61.9 which is similar to the Ritter samples, and a Cr# range of 45.0-69.1. The 
Fe# contents are 1.0-10.0, also plotting with Ritter compositions. 
 
These spinel compositions plot outside of the forearc peridotite field of Arai 
and Ishimaru (2008), and in the general trend of the olivine-spinel mantle array 
(OSMA) of Arai (1994). The majority of the spinel in these samples plot outside of 
both the abyssal peridotite field (Dick & Bullen, 1984) and the forearc peridotite 
field due to a wide range of Mg# (particularly in spinel analyses from sample 
136309-1A). The sample suite plots with island-arc basalts in the fields of Arai 
(1992).  
 
Figure 4.16. Ternary plot for Tubaf spinel major element analyses. Samples 
coloured by category.  
 
 
All of the Tubaf spinel analyses sit within the large Cr# span of the Ritter 
samples categorised as residual (Fig. 4.17). Unexpectedly, the spinel in the samples 
identified as residual have the lowest Cr# values in the Tubaf suite. But the re-
equilibrated dunite does plot at relatively high Cr# which is also seen in similar 
samples of the Ritter suite. There are positive trends with Fe# and Cr# vs. TiO2 
(Fig. 4.17) but not all spinel analyses were above TiO2 detection limit and only four 
samples remained to be displayed. There is also a positive trend between Cr# and 
Fe# (Fig. 4.17) which has a similar slope that of the Ritter spinel.  
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Figure 4.17. Bivariate plots for spinel major element analyses. a) Mg# vs. Cr#. b) 
Mg# vs. Cr# Tubaf only. c) Mg# vs. TiO2. d) Mg# vs. TiO2 Tubaf only. e) Cr# vs. 
TiO2. f) Cr# vs. TiO2 Tubaf only. g) Cr# vs. Fe#. h) Cr# vs. Fe# Tubaf only.  
 
 
4.6  Trace Element Compositions 
 
4.6.1 Orthopyroxene 	  
The orthopyroxene grains analysed are depleted in trace elements relative 
to the primitive mantle and show very similar patterns to those from Ritter. Fig. 
4.18 presents each analysis within each sample individually, coloured by sample.  
 
The CI Chondrite-normalised plot (Fig. 4.18a) shows steep HREE patterns 
but low abundances of other REE. The orthopyroxene analyses of the Tubaf suite 
display typical arc features with anomalies in Pb, Sr and Ti. Orthopyroxene from 
sample 136309-1S is the most enriched in the suite. 
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A majority of the analyses are from the contaminated category with the of 
the residual sample 136309-1B plotting within the HREE compositional range of 
contaminated samples. As expected, the orthopyroxene in the residual sample has 
no incompatible elements above LOD. 
 
4.6.2 Clinopyroxene 	  
The Tubaf clinopyroxene suite extends to more enriched values than the 
clinopyroxene from Ritter but the range of patterns observed is very similar.  
 
The CI-normalised plot (Fig. 4.19a) shows complexity within the 
clinopyroxene grains, even within the same sample. At least three trends can be 
observed: an enriched, relatively flat trend with a positive slope from La-Sm and a 
negative slope from Eu-Lu (seen in samples 136309-1G and 139309-1K); a 
moderately enriched pattern which contains the bulk of clinopyroxene analyses 
and features a positive slope flattening for the majority of samples from Ho-Lu 
(seen in samples 136309-1D, 136309-1F, 136309-1G, 136309-1J, 136309-1K, 
136309-1S, 136309-1AA); and a pattern with a more steeply positive HREE slope 
from Eu-Lu which is particularly evident in the most the depleted samples relative 
to CI chondrites (samples 136309-1B and 136309-1N).  
 
The most enriched pattern comes from the analyses that form the low Mg# 
group seen in the Section 4.5.3. There are clearly two types of clinopyroxene in 
these samples. With the exception of this low Mg# group the clinopyroxene grains 
analysed range from enriched to depleted in trace elements relative to the 
primitive mantle. Features of the PM-normalised multi-element diagram show 
anomalies in Nb, Sr and Ti characteristic of an arc signature. Individual samples 
vary in elements such as Pb, Ti, Zr/Hf and Sm/Eu. Sample 136309-1F is the only 
sample to have a positive Ti anomaly, 136309-1B is the only sample to have an 
unusual negative Gd anomaly (although Gd is very close to detection limit) and the 
analyses from the two samples which form low Mg# group are the only analyses 
with a negative Pb anomaly. The residual sample contains some of the most 
depleted clinopyroxene and the re-equilibrated sample contains some of the most 
enriched clinopyroxene.  
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Figure 4.18. Trace element analyses of orthopyroxene grains. Colour denotes 
sample (see legend). a) REE data normalised to CI chondrites. b) Multi-element 
data normalised to the primitive mantle. 
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Figure 4.19. Trace element analyses of clinopyroxene grains. Colour denotes 
sample (see legend). a) REE data normalised to CI chondrites. Blue shaded field 
represents the range of Ritter clinopyroxene analyses for comparison. b) Multi-
element data normalised to the primitive mantle. 
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4.7  Discussion & Comparison 
 
4.7.1 Partial Melting, Crystal Accumulation and Melt-Rock Reactions 
 
Of the three possible origins for dunite and harzburgite in an arc-setting 
outlined in Chapter 3, the samples from Tubaf are also thought to be residues of 
very high degrees of depletion after multiple melt extraction events (Dick & Bullen, 
1984; Bonatti & Michael, 1989).  The exception to this is sample 136309-A which is 
thought to be a dunitic melt channel, formed through the crystallisation of olivine 
at the expense of pyroxene in the upper mantle (Kelemen et al., 1990).  
 
Sensitive indicators of crystallisation and melt extraction indices of 
peridotites are known to be forsterite content and modal percentage of olivine, Cr# 
and Mg# in spinel and Al2O3 in orthopyroxene (Jaques & Green, 1980; Dick & 
Bullen, 1984; Bonatti & Michael, 1989; Arai, 1994). If the peridotites have 
experienced partial melting, residual peridotites will have high abundances of 
forsteritic olivine, high Cr# in spinel, and low Al2O3 in orthopyroxene. In contrast, 
crystal fractionation over a wide range of temperatures and melt compositions will 
yield cumulate peridotites with low abundances of less forsteritic olivine, and 
spinel with low Mg# and Cr# (Dick & Bullen, 1984). If the peridotite is a product of 
melt-rock reaction it is expected to have high modal orthopyroxene content and 
high Ni content in forsteritic olivine (Kelemen et al., 1998). 
 
On these criteria, the dunite and harzburgite samples from Tubaf (with the 
exception of 136309-1A) are refractory (Fo# 90-91 in olivine, Cr# 45.0-69.1 and Mg# 
27.8-85.6 in spinel, Al2O3 <2.5 wt% in orthopyroxene) that fall within the olivine-
spinel mantle array (OSMA) of Arai (1994) and the partial melting/residual mantle 
trends of Dick and Bullen (1984). Primary clinopyroxene is absent, and the small 
amount of secondary clinopyroxene occurs only as interstitial crystals in the fine-
grained matrix so there is no truly residual clinopyroxene left, with these rocks 
most likely melted beyond the point of clinopyroxene disappearance from the 
residue (~20-25% melt extraction; Hellebrand et al., 2002; Barth et al., 2003).  
 
The Tubaf sample 136309-1A has uniformly forsteritic olivine and Cr-rich 
spinel compositions consistent with formation through the melt-rock reaction 
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process (Dick & Bullen, 1984; Kelemen et al., 1990). The Ni content in olivine of 
136309-1A is low (<0.3 wt% NiO), as would be expected from a sample that has 
been completely re-crystallised, and is now in the form of a dunitic melt channel. 
The melt-rock reaction process is described as a two-step process proposed in 
Kelemen (1998). First, peridotite with high Mg# and low orthopyroxene content is 
created by large degrees of polybaric melting. Later, these depleted residues were 
enriched in orthopyroxene by interaction with siliceous melts. 
 
In similar processes outlined for the contaminated Ritter samples, the 
contaminated Tubaf peridotites are likely to have originally formed through a 
combination of the two methods presented above. It is likely that a majority of the 
contaminated samples were depleted residues and have been subsequently 
modified by the metasomatism and melt invasion which now observed.  
 
4.7.2 Temperature 
 
The Ballhaus, Berry & Green (1991) calibration of the reaction is well suited 
to the Cr-rich spinel that occurs in peridotite xenoliths such as the Tubaf and 
Ritter suites, and utilises the two major minerals (olivine and orthopyroxene) in 
these depleted rocks. Temperatures have been calculated for comparison using the 
Fe-Mg exchange geothermometer of O’Neill & Wall (1987), the two-pyroxene 
method of Wells (1977) and Brey, Kohler & Nickel (1990), and the Ca-in-
orthopyroxene method of Kohler & Brey (1990). Two-pyroxene thermometry is not 
chosen for the peridotites of this study as textural evidence shows that 
clinopyroxene is a late-stage mineral, and coarse orthopyroxene and olivine grains 
may not be fully equilibrated with the interstitial clinopyroxene. Secondly, olivine 
and spinel is ubiquitous in the sample suite and allows temperature (and redox 
conditions) to be calculated for the greatest number of samples. Overall, the 
temperatures from the Fe-Mg exchange thermometers appear to be realistic and 
correspond to variable stages of cooling in the lithospheric source of the xenoliths. 
The calculated temperatures of the peridotite suite range from 755 to 836 °C, 
lower, but consistent with the spinel peridotite stability field and previous 
calculations of 790 to 1034 °C (using the two pyroxene method) by McInnes et al., 
(2001) for proximal Lihir Island. Calculated temperatures and oxygen fugacities 
are presented for the Tubaf suite (Table #) and further information on the method 
used can be found in Chapter 2.  
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4.7.3 Oxygen Fugacity 
 
The fO2 calculations made at equilibrium temperatures for the peridotites 
in this study are calculated using the Ballhaus et al. (1991) version of the olivine-
spinel Fe-Mg exchange geothermometer at a pressure of 1.5 GPa.  The absence of 
garnet and anorthite in the peridotites constrains their pressure of equilibration to 
between 1.0 and 2.2 GPa, and an arbitrary assumed pressure of 1.5 GPa was used 
for fO2 calculations (see Chapter 3 for further detail on calculation and method for 
determining redox conditions).  
 
Oxygen barometry undertaken on these samples shows a range from 
reduced (-1.26) to oxidised (+0.86) conditions relative to the FMQ buffer. Previous 
olivine-orthopyroxene-spinel oxybarometry by McInnes et al., (2001) gives fO2 
ranging from ∆FMQ = -0.3 to +1.0 (average ∆FMQ = 0.06 ± 0.33) for xenoliths from 
proximal Lihir Island. In comparison to peridotite suites from other subduction 
zone localities (e.g. Brandon & Draper; and references therein), the majority of 
Tubaf xenoliths are more reduced than the Cascades (∆FMQ = +0.98 +/- 0.30), 
Japanese arc (delta FMQ = 0.76 ± 0.33) xenoliths, peridotites from southwestern 
USA (delta FMQ = -0.39 ± 0.36), and British Columbia (delta FMQ = -0.22 +/- 0.40) 
localities. 
 
 
Figure 4.20. a) Cr# (spi) vs. ∆log fO2 (FMQ) for Tubaf in comparison to abyssal 
peridotites and Ritter samples.  
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ancient cratonic mantle and it is suggested that the ultimate source of the oxygen 
into the mantle wedge is from the subducted slab. Evidence of reduced peridotite 
material beneath a subduction zone raises the question of whether the mantle 
peridotite sampled by these xenoliths is arc-related at all and is reminiscent of the 
‘life raft’ model involving buoyant Archaean peridotite preserved in the mantle 
(Griffin et al., 2003). It is noted that it is also possible for these fO2 determinations 
to be inherited, and not relate to conditions under which magmas are generated. 
However, whilst reduced relative to FMQ, fO2 values for the Tubaf xenoliths plot 
with the majority of the Ritter xenoliths which span the range of calculated 
fugacities from other arc localities (Parkinson & Arculus, 1999; Wood & Virgo, 
1989; Umino & Yoshizawa, 1996; Parkinson et al., 1998; Ionov, 2010; Parkinson et 
al., 2003; Blatter & Carmichael, 1998; Pearce et al., 2000; McInnes et al., 2001; 
Barsdell & Smith, 1989; Johnson et al., 1996), but within the fO2 range of the 
abyssal peridotites (Fig. 4.20) (Bryndzia & Wood, 1990). 
 
4.7.4 Metasomatism 
 
 Both petrography and geochemistry indicate that metasomatism has 
affected almost all of the peridotites in the Tubaf suite, in particular the 
contaminated samples. The simple observation that these rocks exhibit extremely 
refractory lithologies coupled with the presence of secondary clinopyroxene and 
orthopyroxene must mean that like the Ritter suite, the Tubaf suite has 
experienced varying levels of metasomatism. The main type of metasomatism to 
have affected the Tubaf suite is also most likely to be either hydrous metasomatism 
or silica enrichment.  
 
 Effects of metasomatism in mantle peridotite can be either modal or cryptic. 
In modal metasomatism, new minerals such as phlogopite and amphibole are 
formed, or in the case of Tubaf, pyroxene, with the presence of these minerals in 
peridotite xenoliths considered strong evidence of metasomatic processes in the 
mantle. In cryptic metasomatism, mineral compositions are changed, or introduced 
elements are concentrated on grain boundaries and the peridotite mineralogy 
appears unchanged. Cryptic metasomatism may be caused as percolating or rising 
melts interact with surrounding peridotite, and compositions of both the melt and 
the peridotite change. Cryptic metasomatism is reported by Grégoire et al., (2001) 
as occurring adjacent to veining. Such effects are due either to mineral 
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modifications or to concentration of incompatible elements on grain boundaries by 
a metasomatic agent (Ishimaru et al., 2007).  
 
 The postulation that it is silica enrichment or hydrous metasomatism that 
has created the contamination in the Tubaf xenoliths is due to clear petrographic 
evidence of reactive percolation of siliceous fluid/melt leading to orthopyroxene 
crystallisation at the expense of olivine. Hydrous metasomatism is also suspected, 
as there is secondary hydrous mineral formation (phlogopite and amphibole) in the 
Tubaf suite, with LREE enrichment observed in the trace element patterns of 
clinopyroxene. 
 
 A mechanism for silica enrichment in the mantle has been proposed by 
several authors and is discussed in detail within Chapter 3. Textural observations 
indicate that the Tubaf xenoliths have experienced at least two observable stages 
of mineralisation that post-date formation of the residual protolith. These involve 
the formation of orthopyroxene along olivine grain boundaries and in 
monomineralic veins that cross-cut coarse olivine as well as the final-stage 
formation of fine-grained fibrous orthopyroxene. As outlined in Ionov (2010), this 
secondary, fine-grained orthopyroxene is thought to be the least significant event 
in relation to modal and major element variation, rather than being the main 
indice of subduction metasomatism, as proposed by Arai et al. (2003) and Ishimaru 
et al. (2007). As outlined by Grégoire (2001), the host-trachybasalt was formed by 
melting of the subducted slab at a relatively shallow mantle depth and similarities 
between the trace-element signature of the trachybasalt and the veining of the 
Tubaf samples have been put forward as evidence that both were derived from the 
same source. It is thought that the host-magma has reacted with the peridotite 
similar to the contamination in the Ritter suite. The spatial distribution of the 
metasomatic overprint by the trachybasalt is primarily controlled by pathways, 
such as grain boundaries or fractures and is a pervasive alteration feature of these 
samples. 
 
4.8  Conclusion 
 
 The TLTF Arc is a modern island arc environment that has produced highly 
oxidised, volatile- and alkali-rich, high-K volcanism. The mineralogical and 
geochemical characteristics of the Tubaf peridotite xenolith suite indicate that the 
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source region of magmatism consists of depleted mantle originally proposed to be 
generated at a mid ocean ridge spreading centre, and shown here to be 
subsequently modified by subduction–related processes. Some peridotite xenoliths 
contain distinctive vein structures and mineral compositions generated by 
contamination of host magma and recrystallisation due to melt-rock reactions 
within the mantle.  
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Table 4.1. Rock Classification, Texture and Category. 
 
Sample	   Rock	  Type	   Olivine	   Orthopyroxene	   Clinopyroxene	   Spinel	   Texture	  	  
Secondary	  
processes?	  	  
Category 
	   	   	   	   	   	   	   	    136309-­‐1AA*	   Harzburgite	   73.82	   22.83	   3.48	   0.61	   Porphyroclastic	   Yes	   Contaminated	  
136309-­‐1A	   Dunite^	   -­‐	   -­‐	   -­‐	   -­‐	   Granuloblastic	   Yes,	  extensive	   Contaminated	  
136309-­‐1B*	   Harzburgite	   68.34	   26.86	   3.71	   0.66	   Porphyroclastic	   No	   Residual	  
136309-­‐1D*	   Harzburgite	   74.26	   22.36	   2.18	   0.8	   Porphyroclastic	   Yes	   Contaminated	  
136309-­‐1F	   Harzburgite	   -­‐	   -­‐	   -­‐	   -­‐	   Porphyroclastic	   Yes	   Contaminated	  
136309-­‐1G	   Harzburgite	   -­‐	   -­‐	   -­‐	   -­‐	   Porphyroclastic	   Yes	   Contaminated	  
136309-­‐1J	   Harzburgite	   -­‐	   -­‐	   -­‐	   -­‐	   Porphyroclastic	   Yes,	  extensive	   Contaminated	  
136309-­‐1K	   Dunite	   -­‐	   -­‐	   -­‐	   -­‐	   Granuloblastic	   Yes,	  minor	   Re-­‐equilibrated	  
136309-­‐1N	   Harzburgite	   -­‐	   -­‐	   -­‐	   -­‐	   Porphyroclastic	   Yes	   Contaminated	  
136309-­‐1S	   Harzburgite	   -­‐	   -­‐	   -­‐	   -­‐	   Porhyroclastic	   Yes,	  minor	   Contaminated	  
*Modal percent back-calculated from whole rock geochemistry (courtesy of Antoine Bénard). 
^Now contaminated by host rock infiltration, this sample, originally a dunite, still retains some of its re-equilibrated granuloblastic texture and is unique in the Tubaf sample 
suite presented here. 
 
 
 
 
 
 
 
Table 4.2. Thermobarometry 
 
Sample	  #	   Category	   Cr#	  (spinel)	   Fo#	  (olivine)	   ∆log	  fO2	   T	  °C	  
136309-­‐1A	   Contaminated	   0.62	   0.87	   0.86	   755	  
136309-­‐1B	   Residual	   0.45	   0.91	   -­‐0.39	   766	  
136309-­‐1D	   Contaminated	   0.59	   0.90	   -­‐0.15	   864	  
136309-­‐1F	   Contaminated	   0.46	   0.91	   -­‐0.80	   794	  
136309-­‐1G	   Contaminated	   0.55	   0.91	   -­‐0.04	   760	  
136309-­‐1J	   Contaminated	   0.53	   0.91	   -­‐0.22	   836	  
136309-­‐1K	   Re-­‐equilibrated	   0.60	   0.90	   0.73	   772	  
136309-­‐1N	   Contaminated	   0.49	   0.91	   -­‐1.26	   788	  
136309-­‐1S	   Contaminated	   0.57	   0.91	   -­‐0.51	   769	  
136309-­‐1AA	   Contaminated	   0.46	   0.91	   -­‐0.48	   795	  
	  
	  
  
Summary 
 
 The underlying aim of this thesis has been to improve our petrological 
understanding of the nature of the mantle underlying the West Bismarck and 
Tabar-Lihir-Tanga-Feni arcs in the Papua New Guinea Region. Rare lavas erupted 
in these arcs contain ultramafic and mafic fragments of remarkably fresh, olivine-
spinel harzburgite, dunite, and pyroxenite lithologies.  
 
In addition to hosting some of the most refractory residual mantle samples 
described in the literature, the lavas of Ritter Volcano in the West Bismarck Arc 
are the most primitive in the region, with an MgO-rich, tholeiite composition 
apparently representative of genuine picritic liquids. Two distinct magma types, 
distinguished by Ti content, are present. Both types are low-Fe, medium-K, and 
MgO-rich (13.9-16.6 wt%). In comparison to other samples from the West Bismarck 
Arc, these picrites are the most primitive rocks erupted in this region due to their 
high MgO, low FeO/MgO and K2O contents. The primitive nature of these rocks is 
important because they could represent unmodified melts derived directly from 
upper mantle source(s). Crystalline phase-hosted melt inclusions in the picrites 
span the entire range of erupted magmas in the Bismarck Arc. The picrite 
compositions almost overlap the range formally defined for boninite. 
 
 The large suite of diverse, pristine xenoliths that the Ritter and Tubaf lavas 
host provides a potential petrologic window into their respective sub-arc mantles. 
This study has documented the petrographic, mineralogic and geochemical 
characteristics of the xenolith suites, presented a discussion on the temperature 
and redox state of the sub-arc mantle, and proposed processes and mechanisms 
that could have been involved in the formation of highly depleted, residual mantle, 
and episodes of subsequent melt/fluid ingress. 
 
The Ritter and Tubaf xenoliths have experienced various degrees of melt 
depletion, host magma infiltration, metasomatism, dissolution/re-precipitation and 
replacement, all lending additional complexity to lithological interpretation. A 
revised classification for the Tubaf xenolith suite, based on the Ritter study, has 
been presented here. Petrographical analysis gives context for subsequent 
geochemical studies. Peridotite samples fall into three broad groups consistent of 
mantle residues and re-equilibrated samples. A third category comprises samples 
from both the ‘residual’ and ‘re-equilibrated’ categories that have been 
‘contaminated’ by secondary melt infiltration processes. This third category is 
particularly important in terms of isolating secondary from primary mineralogical 
and geochemical characteristics.  
 
The current mineralogical characteristics of the Ritter and Tubaf suites are 
consistent with disruption and entrainment from a sub-arc lithospheric mantle 
source. However, the primary mineralogical and geochemical features reflect prior 
involvement with melt generation processes in the asthenospheric mantle wedge. 
Olivine is highly forsteritic (Fo# 86.8-95.7 for Ritter, and Fo# 87-91 for Tubaf), 
spinel is extremely Cr-rich (Cr# 40.4-89.3 for Ritter, and Cr# 45.0-69.1 for Tubaf), 
CaO in olivine, and Al2O3 in orthopyroxene are consistently very low (<0.05 wt% 
and <2 wt% respectively), and primary clinopyroxene is absent. The trace element 
profiles of primary orthopyroxene and secondary clinopyroxene display 
characteristic depletions in high field strength elements relative to rare earth 
elements for both Ritter and Tubaf. 
 
Olivine-spinel exchange geothermometry yields calculated temperatures of 
670 to 1140 °C for Ritter, and 755 to 840 °C for Tubaf. The lower part of these 
temperature ranges are consistent with sub-arc lithospheric mantle conditions. 
Olivine-spinel oxygen barometry shows a range from reduced to oxidised conditions 
relative to the fayalite-magnetite-quartz buffer for both Ritter (-1.43 to +1.84 log10 
units fO2) and Tubaf (-1.26 to +0.86). Evidence from Zn/Fe, V/Sc and Mn/Fe 
systematics suggests that independent of tectono-magmatic setting, the source of 
arc magmas, evidenced by these peridotites, may be indistinguishable in terms of 
oxidation states to that of mid ocean ridge basalts. 
 
 These xenoliths have experienced silica enrichment, or contamination, 
resulting in modal and cryptic metasomatism. This is the final indication that the 
Ritter and Tubaf peridotite suites have experienced a long sequence of events that 
began in the mantle wedge source region of these xenoliths, involved residence in 
the sub-arc lithosphere, and culminated in entrainment and eruption.  
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Appendix A 
 
Thin Section Scans 
The images below are scans of a standard petrological thin section, 26 x 46 mm. 
 
A.1. Ritter Picrites 
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A.2. Ritter Xenoliths 
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A.3. Tubaf Xenoliths 
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Appendix B 
 
Ritter Picrites: Major Element Compositions
Table B.1. Representative Olivine Analyses  
 
Analysis	  #	   SiO2	   Cr2O3	   FeO*	   MnO	   MgO	   CaO	   NiO	   Total	   Fo#	  
62_01.1	   40.77	   0.04	   9.96	   0.15	   49.12	   0.15	   0.20	   100.41	   89.78	  
62_01.2	   41.11	   0.07	   9.37	   0.14	   49.60	   0.19	   0.24	   100.70	   90.42	  
62_01.3	   40.31	   0.08	   8.69	   0.12	   48.75	   0.14	   0.30	   98.43	   90.91	  
62_01.4	   40.50	   0.08	   9.01	   0.11	   49.49	   0.17	   0.27	   99.67	   90.73	  
62_01.5	   40.97	   0.01	   8.38	   0.11	   50.17	   0.07	   0.25	   99.96	   91.44	  
62_01.6	   41.22	   0.01	   8.48	   0.10	   50.19	   0.02	   0.23	   100.26	   91.34	  
62_01.7	   40.41	   0.03	   10.56	   0.15	   48.14	   0.21	   0.16	   99.66	   89.04	  
62_01.8	   40.92	   0.04	   8.64	   0.12	   49.39	   0.13	   0.23	   99.47	   91.06	  
62_01.9	   40.08	   0.06	   9.92	   0.14	   48.25	   0.20	   0.18	   98.88	   89.66	  
62_01.10	   40.48	   0.07	   8.99	   0.13	   48.53	   0.12	   0.29	   98.65	   90.59	  
62_01.11	   40.92	   0.06	   9.42	   0.13	   49.03	   0.15	   0.22	   100.01	   90.27	  
62_01.12	   40.18	   0.09	   8.58	   0.12	   49.01	   0.09	   0.42	   98.53	   91.06	  
62_01.13	   39.99	   0.06	   8.69	   0.14	   49.07	   0.16	   0.32	   98.48	   90.97	  
62_01.14	   40.35	   0.08	   9.03	   0.14	   49.15	   0.16	   0.23	   99.18	   90.65	  
62_01.15	   40.30	   0.05	   9.11	   0.12	   49.38	   0.16	   0.24	   99.41	   90.62	  
62_01.15	   40.47	   0.02	   12.23	   0.20	   46.87	   0.28	   0.11	   100.23	   87.23	  
62_01.16	   39.98	   0.06	   9.24	   0.13	   48.61	   0.17	   0.25	   98.44	   90.36	  
62_01.18	   40.49	   0.03	   10.30	   0.14	   48.29	   0.14	   0.20	   99.64	   89.31	  
62_01.19	   40.64	   0.00	   8.80	   0.12	   49.32	   0.02	   0.20	   99.12	   90.91	  
62_01.20	   41.07	   0.00	   8.74	   0.12	   49.78	   0.00	   0.20	   99.93	   91.03	  
64_01.1	   41.44	   0.01	   8.36	   0.12	   51.12	   0.02	   0.43	   101.51	   91.60	  
64_01.4	   41.38	   0.01	   8.48	   0.12	   51.19	   0.02	   0.44	   101.63	   91.50	  
64_01.5	   41.78	   0.00	   7.70	   0.13	   51.64	   0.03	   0.39	   101.65	   92.28	  
64_01.6	   40.95	   0.07	   8.73	   0.16	   50.99	   0.22	   0.26	   101.37	   91.24	  
64_01.7	   41.78	   0.07	   8.93	   0.18	   51.09	   0.21	   0.25	   102.51	   91.07	  
64_01.8	   41.27	   0.06	   8.97	   0.15	   50.37	   0.17	   0.24	   101.23	   90.92	  
64_01.9	   41.49	   0.05	   8.53	   0.17	   50.87	   0.22	   0.27	   101.60	   91.40	  
64_01.10	   41.31	   0.06	   8.88	   0.16	   50.32	   0.25	   0.24	   101.22	   90.99	  
65_01A.1	   40.86	   0.06	   8.25	   0.10	   50.20	   0.16	   0.32	   99.98	   91.56	  
65_01A.2	   40.25	   0.06	   10.02	   0.15	   48.25	   0.20	   0.18	   99.13	   89.57	  
65_01A.3	   41.21	   0.04	   9.09	   0.11	   49.64	   0.15	   0.28	   100.59	   90.69	  
65_01A.4	   40.96	   0.09	   8.45	   0.12	   49.76	   0.15	   0.33	   99.91	   91.31	  
65_01A.5	   41.51	   0.06	   9.41	   0.12	   49.02	   0.19	   0.26	   100.71	   90.28	  
65_01A.6	   41.39	   0.07	   9.01	   0.12	   49.71	   0.15	   0.22	   100.72	   90.77	  
65_01A.7	   41.53	   0.04	   9.09	   0.13	   49.87	   0.16	   0.29	   101.15	   90.72	  
65_01A.8	   41.19	   0.04	   10.20	   0.15	   48.68	   0.26	   0.14	   100.71	   89.48	  
65_01A.9	   40.80	   0.08	   10.15	   0.18	   48.50	   0.22	   0.18	   100.20	   89.49	  
65_01A.10	   40.64	   0.06	   9.58	   0.13	   48.60	   0.22	   0.20	   99.49	   90.04	  
65_01A.11	   41.30	   0.08	   8.73	   0.13	   50.08	   0.18	   0.29	   100.83	   91.09	  
65_01A.12	   40.63	   0.07	   10.90	   0.13	   47.92	   0.20	   0.20	   100.07	   88.69	  
65_01A.13	   41.31	   0.03	   7.90	   0.10	   50.74	   0.01	   0.29	   100.43	   91.97	  
65_01A.14	   41.43	   0.00	   8.23	   0.12	   50.46	   0.01	   0.26	   100.57	   91.62	  
65_01A.15	   41.51	   0.00	   8.12	   0.13	   51.11	   0.01	   0.27	   101.16	   91.82	  
65_01A.16	   41.20	   0.01	   7.99	   0.11	   49.69	   0.02	   0.26	   99.29	   91.72	  
65_01A.17	   41.08	   0.00	   8.00	   0.10	   50.34	   0.02	   0.28	   99.85	   91.81	  
65_01A.18	   40.77	   0.01	   8.09	   0.11	   49.41	   0.01	   0.26	   98.67	   91.58	  
65_01A.19	   39.19	   0.02	   12.99	   0.22	   46.99	   0.22	   0.21	   99.91	   86.58	  
65_01A.20	   39.44	   0.04	   14.09	   0.23	   46.53	   0.22	   0.16	   100.76	   85.48	  
65_01A.21	   39.24	   0.04	   14.25	   0.25	   45.92	   0.22	   0.18	   100.17	   85.17	  
65_01A.22	   38.59	   0.04	   13.57	   0.21	   46.14	   0.24	   0.18	   99.02	   85.84	  
65_01A.23	   40.33	   0.05	   14.04	   0.25	   46.20	   0.23	   0.14	   101.25	   85.43	  
65_01A.24	   40.57	   0.15	   13.67	   0.22	   46.73	   0.24	   0.17	   101.76	   85.90	  
65_01A.25	   40.90	   0.04	   10.58	   0.20	   48.95	   0.22	   0.26	   101.16	   89.18	  
65_01A.26	   39.00	   0.03	   13.55	   0.24	   46.40	   0.24	   0.17	   99.70	   85.93	  
65_01A.27	   40.38	   0.04	   13.47	   0.27	   46.59	   0.23	   0.18	   101.16	   86.04	  
65_01A.28	   39.96	   0.06	   10.77	   0.16	   48.72	   0.18	   0.31	   100.24	   88.97	  
65_01A.29	   40.30	   0.00	   14.74	   0.27	   45.73	   0.18	   0.15	   101.38	   84.69	  
65_01A.30	   39.98	   0.03	   10.95	   0.18	   48.95	   0.23	   0.20	   100.57	   88.85	  
65_01A.31	   39.11	   0.03	   13.49	   0.24	   46.44	   0.24	   0.20	   99.86	   85.99	  
65_01A.32	   40.74	   0.03	   13.29	   0.22	   46.68	   0.24	   0.19	   101.39	   86.23	  
65_01A.33	   39.35	   0.04	   11.59	   0.19	   47.93	   0.20	   0.25	   99.62	   88.06	  
65_01A.34	   39.20	   0.04	   13.89	   0.22	   46.10	   0.20	   0.18	   99.89	   85.54	  
65_01A.35	   39.39	   0.03	   12.79	   0.22	   46.68	   0.23	   0.16	   99.57	   86.68	  
65_01A.36	   39.40	   0.03	   12.67	   0.21	   47.40	   0.21	   0.22	   100.22	   86.96	  
65_01A.37	   39.53	   0.02	   13.35	   0.21	   46.89	   0.24	   0.18	   100.44	   86.23	  
65_01A.38	   39.41	   0.04	   15.21	   0.29	   45.04	   0.24	   0.16	   100.41	   84.08	  
65_01C.1	   42.17	   0.00	   8.21	   0.14	   51.30	   0.00	   0.26	   102.13	   91.76	  
65_01C.2	   41.36	   0.06	   9.14	   0.14	   49.86	   0.17	   0.25	   101.02	   90.68	  
65_01C.3	   40.51	   0.07	   9.62	   0.14	   48.72	   0.15	   0.21	   99.48	   90.03	  
65_01C.4	   42.16	   0.04	   8.98	   0.13	   50.44	   0.16	   0.31	   102.22	   90.92	  
65_01C.5	   41.54	   0.00	   8.16	   0.12	   50.80	   0.00	   0.24	   100.92	   91.74	  
65_01C.6	   41.71	   0.04	   9.20	   0.14	   49.93	   0.17	   0.21	   101.43	   90.63	  
65_01C.7	   41.22	   0.02	   10.80	   0.18	   48.79	   0.16	   0.08	   101.30	   88.95	  
65_01C.8	   39.99	   0.42	   15.92	   0.23	   43.37	   0.26	   0.09	   100.69	   82.93	  
65_01C.9	   41.45	   0.06	   9.09	   0.12	   50.04	   0.15	   0.28	   101.22	   90.75	  
65_01C.10	   41.63	   0.00	   9.81	   0.15	   49.60	   0.01	   0.18	   101.41	   90.01	  
65_01C.11	   41.83	   0.00	   9.54	   0.12	   50.02	   0.01	   0.10	   101.66	   90.33	  
65_01C.12	   41.17	   0.01	   9.61	   0.16	   50.01	   0.01	   0.10	   101.11	   90.27	  
65_01C.13	   41.40	   0.01	   9.40	   0.16	   50.00	   0.02	   0.14	   101.14	   90.46	  
65_01C.14	   41.26	   0.01	   9.78	   0.16	   49.84	   0.01	   0.16	   101.28	   90.08	  
65_01C.15	   41.30	   0.00	   9.55	   0.17	   49.64	   0.01	   0.15	   100.85	   90.26	  
65_01C.16	   41.94	   0.00	   9.67	   0.15	   50.40	   0.02	   0.14	   102.38	   90.29	  
65_01D.1	   40.91	   0.02	   12.87	   0.21	   46.98	   0.20	   0.15	   101.35	   86.68	  
65_01E.1	   42.20	   0.02	   7.95	   0.13	   51.45	   0.01	   0.27	   102.03	   92.03	  
65_01E.2	   42.04	   0.04	   8.41	   0.15	   50.96	   0.15	   0.23	   101.98	   91.53	  
65_01E.3	   41.89	   0.04	   10.56	   0.18	   49.24	   0.17	   0.17	   102.24	   89.26	  
65_01E.4	   42.03	   0.07	   8.09	   0.15	   51.54	   0.13	   0.29	   102.30	   91.91	  
65_01E.5	   42.16	   0.08	   7.80	   0.13	   51.40	   0.13	   0.24	   101.95	   92.16	  
65_01E.6	   42.23	   0.00	   6.70	   0.09	   52.53	   0.02	   0.28	   101.85	   93.33	  
65_01E.7	   41.91	   0.09	   8.81	   0.14	   50.74	   0.15	   0.25	   102.09	   91.13	  
65_01E.8	   42.02	   0.02	   7.62	   0.13	   51.97	   0.00	   0.17	   101.95	   92.40	  
65_01E.9	   41.91	   0.03	   8.43	   0.15	   51.01	   0.17	   0.22	   101.93	   91.51	  
65_01E.10	   41.77	   0.04	   8.07	   0.15	   51.13	   0.13	   0.30	   101.59	   91.87	  
65_01E.11	   41.74	   0.11	   8.42	   0.15	   50.76	   0.13	   0.25	   101.57	   91.49	  
65_01E.12	   41.02	   0.06	   7.97	   0.13	   51.90	   0.14	   0.29	   101.54	   92.07	  
65_01E.13	   41.90	   0.05	   7.80	   0.09	   51.74	   0.15	   0.28	   102.10	   92.20	  
65_01E.14	   41.16	   0.01	   10.96	   0.16	   48.94	   0.02	   0.16	   101.44	   88.84	  
66_01A.1	   41.49	   0.05	   9.38	   0.16	   49.89	   0.20	   0.36	   101.53	   90.46	  
66_01A.2	   41.32	   0.07	   8.48	   0.15	   50.23	   0.18	   0.41	   100.84	   91.35	  
66_01A.3	   41.74	   0.06	   8.79	   0.15	   50.44	   0.18	   0.39	   101.75	   91.09	  
66_01A.4	   41.75	   0.10	   9.34	   0.16	   49.83	   0.19	   0.36	   101.73	   90.49	  
66_01A.5	   41.57	   0.08	   10.92	   0.17	   49.01	   0.21	   0.23	   102.21	   88.89	  
66_01A.6	   41.82	   0.05	   9.67	   0.17	   49.66	   0.20	   0.31	   101.88	   90.15	  
66_01A.7	   41.73	   0.08	   8.69	   0.14	   50.65	   0.18	   0.40	   101.87	   91.22	  
66_01A.8	   42.04	   0.17	   8.47	   0.14	   50.22	   0.18	   0.43	   101.64	   91.35	  
66_01B.1	   41.34	   0.11	   8.80	   0.17	   50.43	   0.20	   0.37	   101.41	   91.08	  
66_01B.2	   41.65	   0.05	   8.96	   0.15	   49.92	   0.18	   0.36	   101.27	   90.85	  
66_01B.3	   41.42	   0.11	   10.25	   0.15	   48.91	   0.18	   0.24	   101.27	   89.48	  
66_01B.4	   41.62	   0.08	   9.65	   0.18	   49.99	   0.20	   0.31	   102.03	   90.23	  
66_01B.5	   38.68	   0.23	   9.74	   0.18	   46.35	   0.21	   0.30	   95.69	   89.46	  
66_01B.6	   41.38	   0.08	   9.18	   0.16	   50.28	   0.21	   0.33	   101.63	   90.71	  
66_01B.7	   40.50	   0.08	   13.66	   0.22	   46.66	   0.23	   0.15	   101.51	   85.89	  
66_01B.8	   41.47	   0.07	   9.05	   0.15	   50.17	   0.20	   0.40	   101.51	   90.81	  
66_01B.9	   40.37	   0.15	   9.32	   0.15	   49.26	   0.21	   0.26	   99.71	   90.40	  
66_01C.1	   41.45	   0.06	   9.10	   0.15	   49.75	   0.19	   0.36	   101.06	   90.70	  
66_01C.2	   41.32	   0.08	   8.25	   0.14	   50.23	   0.19	   0.44	   100.65	   91.56	  
66_01C.3	   41.08	   0.03	   10.24	   0.17	   48.94	   0.19	   0.24	   100.90	   89.49	  
66_01C.4	   40.25	   0.07	   9.11	   0.16	   49.15	   0.19	   0.33	   99.26	   90.58	  
66_01C.5	   40.73	   0.05	   9.77	   0.19	   48.88	   0.20	   0.28	   100.09	   89.92	  
66_01C.6	   40.37	   0.05	   9.68	   0.15	   48.97	   0.22	   0.27	   99.70	   90.02	  
66_01C.7	   40.66	   0.07	   9.83	   0.16	   48.41	   0.22	   0.27	   99.61	   89.78	  
66_01C.8	   40.36	   0.05	   9.61	   0.17	   48.92	   0.20	   0.34	   99.66	   90.07	  
66_01C.9	   40.44	   0.02	   9.54	   0.17	   48.92	   0.20	   0.29	   99.57	   90.14	  
66_01C.10	   41.34	   0.08	   8.75	   0.18	   50.46	   0.19	   0.41	   101.40	   91.14	  
66_01D.3	   41.53	   0.10	   8.47	   0.14	   50.53	   0.18	   0.39	   101.34	   91.41	  
66_01D.4	   40.98	   0.06	   9.63	   0.16	   49.71	   0.20	   0.30	   101.04	   90.20	  
66_01D.5	   41.47	   0.04	   9.77	   0.18	   49.63	   0.19	   0.30	   101.58	   90.05	  
66_01D.6	   40.69	   0.30	   10.49	   0.19	   48.77	   0.26	   0.31	   101.00	   89.24	  
66_01D.7	   41.28	   0.04	   9.19	   0.17	   49.58	   0.19	   0.35	   100.81	   90.58	  
66_01D.8	   40.84	   0.06	   10.89	   0.21	   48.50	   0.21	   0.22	   100.92	   88.81	  
66_01D.9	   41.76	   0.11	   9.43	   0.14	   50.17	   0.18	   0.35	   102.14	   90.46	  
66_01D.10	   41.48	   0.18	   8.99	   0.17	   50.20	   0.17	   0.38	   101.57	   90.87	  
66_01D.11	   41.79	   0.10	   9.30	   0.17	   50.39	   0.19	   0.35	   102.29	   90.61	  
66_01D.12	   41.49	   0.21	   8.73	   0.15	   50.60	   0.18	   0.40	   101.76	   91.18	  
66_01E.1	   40.61	   0.05	   8.68	   0.13	   49.68	   0.18	   0.41	   99.74	   91.07	  
66_01E.2	   40.72	   0.16	   8.73	   0.15	   49.99	   0.19	   0.38	   100.32	   91.08	  
66_01E.3	   39.53	   0.12	   10.62	   0.17	   47.75	   0.23	   0.20	   98.62	   88.91	  
66_01E.4	   40.57	   0.03	   10.51	   0.20	   48.22	   0.24	   0.20	   99.97	   89.11	  
66_01E.5	   41.18	   0.06	   9.14	   0.14	   49.94	   0.20	   0.33	   100.98	   90.69	  
66_01E.6	   41.16	   0.25	   9.14	   0.15	   49.79	   0.25	   0.34	   101.07	   90.66	  
66_01E.7	   40.93	   0.08	   9.51	   0.15	   49.16	   0.19	   0.37	   100.38	   90.21	  
66_01G.1	   41.37	   0.10	   9.22	   0.18	   49.67	   0.20	   0.38	   101.12	   90.57	  
66_01G.2	   40.89	   0.11	   8.93	   0.15	   49.56	   0.19	   0.38	   100.20	   90.82	  
66_01G.3	   40.62	   0.08	   11.14	   0.20	   48.27	   0.22	   0.20	   100.72	   88.54	  
66_01G.4	   41.28	   0.07	   9.64	   0.18	   49.54	   0.20	   0.28	   101.19	   90.16	  
66_01G.5	   40.82	   0.06	   9.68	   0.20	   49.18	   0.19	   0.30	   100.43	   90.06	  
66_01G.6	   40.63	   0.04	   10.49	   0.21	   48.39	   0.21	   0.22	   100.17	   89.16	  
66_01G.7	   41.29	   0.12	   9.08	   0.15	   49.61	   0.18	   0.36	   100.80	   90.69	  
66_01G.8	   41.23	   0.05	   9.12	   0.17	   49.53	   0.18	   0.24	   100.52	   90.64	  
66_01G.9	   41.24	   0.07	   9.16	   0.17	   49.55	   0.18	   0.34	   100.71	   90.60	  
66_01G.10	   41.02	   0.04	   10.68	   0.19	   48.54	   0.22	   0.23	   100.92	   89.01	  
66_01G.11	   41.41	   0.15	   8.35	   0.17	   50.66	   0.20	   0.46	   101.42	   91.53	  
66_02.1	   42.00	   0.05	   7.88	   0.14	   51.19	   0.12	   0.35	   101.72	   92.05	  
66_02.2	   41.40	   0.03	   10.29	   0.19	   49.49	   0.20	   0.23	   101.85	   89.55	  
66_02.3	   41.50	   0.10	   9.13	   0.15	   50.40	   0.20	   0.33	   101.79	   90.77	  
66_02.4	   41.93	   0.08	   9.06	   0.14	   50.01	   0.18	   0.33	   101.73	   90.78	  
66_02.5	   41.88	   0.06	   8.95	   0.17	   50.26	   0.20	   0.38	   101.90	   90.92	  
66_02.6	   41.74	   0.07	   8.60	   0.14	   51.13	   0.20	   0.41	   102.27	   91.38	  
 
Table B.2. Representative Clinopyroxene Analyses 
 
Analysis	  #	   SiO2	   TiO2	   Al2O3	   Cr2O3	   Fe2O3	   FeO	   MnO	   MgO	   CaO	   Na2O	   TOTAL	  
62_01.1	   53.84	   0.06	   1.00	   0.65	   0.71	   3.54	   0.13	   18.76	   21.02	   0.09	   99.73	  
62_01.2	   53.54	   0.09	   1.53	   0.51	   1.04	   3.84	   0.12	   18.13	   21.31	   0.11	   100.12	  
62_01.3	   53.36	   0.12	   1.91	   0.66	   1.31	   3.52	   0.11	   18.21	   21.31	   0.11	   100.51	  
62_01.4	   53.64	   0.04	   0.71	   0.70	   1.00	   2.24	   0.08	   18.39	   22.38	   0.08	   99.16	  
62_01.5	   53.17	   0.06	   1.27	   1.06	   0.83	   2.77	   0.07	   17.62	   22.28	   0.18	   99.22	  
62_01.6	   53.53	   0.06	   0.71	   0.64	   1.35	   2.52	   0.11	   18.70	   21.54	   0.11	   99.14	  
62_01.7	   52.49	   0.07	   1.60	   1.00	   1.08	   3.13	   0.09	   17.19	   22.06	   0.16	   98.75	  
62_01.8	   52.08	   0.09	   1.70	   0.77	   3.55	   1.23	   0.12	   17.62	   22.54	   0.16	   99.49	  
62_01.9	   52.37	   0.13	   1.85	   0.23	   2.17	   3.37	   0.12	   17.36	   21.78	   0.09	   99.24	  
62_01.10	   52.05	   0.07	   1.43	   1.04	   1.83	   2.11	   0.08	   17.52	   21.95	   0.16	   98.06	  
62_01.11	   53.48	   0.08	   1.58	   1.07	   1.42	   2.54	   0.09	   17.59	   22.87	   0.16	   100.74	  
62_01.12	   52.82	   0.07	   1.03	   0.23	   1.70	   3.46	   0.13	   18.35	   20.68	   0.09	   98.39	  
62_01.13	   50.57	   0.18	   3.92	   0.22	   2.07	   1.67	   0.10	   15.60	   23.96	   0.08	   98.17	  
62_01.14	   54.33	   0.05	   0.83	   0.57	   0.35	   3.70	   0.12	   18.57	   21.64	   0.08	   100.20	  
62_01.15	   50.58	   0.20	   3.88	   0.02	   4.11	   5.40	   0.19	   16.99	   18.71	   0.18	   99.84	  
62_01.16	   52.99	   0.08	   1.39	   0.75	   1.67	   2.65	   0.09	   17.97	   21.84	   0.15	   99.42	  
62_01.17	   53.94	   0.06	   0.91	   0.60	   0.90	   3.13	   0.12	   18.40	   21.73	   0.15	   99.82	  
62_01.18	   52.99	   0.10	   4.42	   0.25	   0.67	   2.98	   0.06	   15.79	   24.18	   0.28	   101.65	  
62_01.19	   53.72	   0.06	   1.70	   0.61	   1.07	   2.31	   0.08	   18.55	   22.05	   0.13	   100.17	  
62_01.20	   51.68	   0.12	   5.02	   0.29	   1.89	   1.87	   0.10	   15.56	   24.03	   0.31	   100.68	  
62_01.21	   51.54	   0.09	   4.48	   0.28	   1.62	   2.42	   0.11	   16.36	   22.32	   0.31	   99.37	  
62_01.22	   51.51	   0.12	   4.10	   0.29	   2.26	   1.30	   0.09	   15.73	   24.06	   0.31	   99.54	  
64_01.1	   52.31	   0.13	   2.97	   0.17	   2.57	   4.53	   0.18	   16.44	   21.73	   0.18	   100.94	  
64_01.2	   52.40	   0.22	   2.94	   1.27	   1.33	   2.91	   0.11	   17.32	   21.98	   0.17	   100.52	  
64_01.3	   52.32	   0.22	   2.90	   0.84	   1.87	   2.75	   0.14	   16.96	   22.53	   0.17	   100.52	  
64_01.4	   51.31	   0.38	   3.74	   0.31	   3.44	   2.57	   0.16	   16.87	   21.98	   0.16	   100.57	  
64_01.5	   52.04	   0.30	   3.52	   0.50	   2.52	   2.97	   0.13	   17.16	   21.83	   0.18	   100.89	  
65_01A.1	   52.76	   0.10	   1.74	   0.75	   2.41	   2.16	   0.11	   17.34	   22.86	   0.15	   100.15	  
65_01A.2	   54.39	   0.07	   1.15	   1.13	   0.14	   3.10	   0.08	   17.97	   22.86	   0.13	   101.01	  
65_01A.3	   52.46	   0.05	   1.14	   0.67	   1.36	   3.41	   0.09	   17.95	   20.84	   0.13	   97.96	  
65_01A.4	   53.00	   0.05	   1.13	   0.66	   0.71	   4.02	   0.10	   17.94	   20.81	   0.14	   98.50	  
65_01A.5	   54.64	   0.05	   1.19	   0.94	   0.00	   3.45	   0.08	   17.98	   22.68	   0.12	   101.13	  
65_01A.6	   53.59	   0.04	   0.74	   0.69	   0.95	   2.37	   0.10	   18.49	   22.04	   0.10	   99.01	  
65_01A.7	   54.02	   0.07	   1.24	   0.19	   1.11	   4.12	   0.13	   18.78	   20.54	   0.13	   100.22	  
65_01A.8	   54.30	   0.04	   0.99	   0.80	   0.50	   2.60	   0.08	   18.06	   22.84	   0.18	   100.34	  
65_01A.9	   53.89	   0.04	   0.97	   0.92	   1.08	   2.42	   0.09	   18.31	   22.29	   0.16	   100.09	  
65_01A.10	   54.38	   0.06	   0.76	   0.65	   0.63	   3.15	   0.10	   18.63	   21.87	   0.13	   100.30	  
65_01A.11	   50.47	   0.61	   2.36	   0.00	   3.87	   5.86	   0.33	   14.95	   20.68	   0.33	   99.07	  
65_01A.12	   51.66	   0.15	   2.39	   0.05	   2.71	   4.03	   0.16	   16.68	   21.39	   0.12	   99.07	  
65_01A.13	   50.34	   0.50	   5.03	   0.65	   2.83	   4.42	   0.18	   16.50	   20.02	   0.21	   100.41	  
65_01A.14	   51.39	   0.31	   3.91	   0.52	   2.86	   4.50	   0.17	   17.61	   19.20	   0.23	   100.42	  
65_01A.15	   53.12	   0.25	   2.68	   0.19	   2.10	   5.53	   0.22	   18.85	   18.35	   0.19	   101.26	  
65_01A.16	   52.13	   0.26	   3.71	   0.22	   2.36	   5.38	   0.23	   18.27	   18.07	   0.27	   100.68	  
65_01A.17	   53.68	   0.10	   1.41	   0.73	   1.44	   2.50	   0.12	   18.71	   21.42	   0.18	   100.16	  
65_01A.18	   53.92	   0.16	   1.75	   0.64	   2.12	   4.33	   0.20	   20.05	   18.42	   0.16	   101.54	  
65_01A.19	   53.11	   0.13	   2.15	   0.86	   1.10	   3.52	   0.11	   18.57	   20.23	   0.21	   99.87	  
65_01A.20	   53.81	   0.16	   1.74	   0.47	   1.66	   6.39	   0.27	   20.38	   16.19	   0.16	   101.07	  
65_01A.21	   50.95	   0.17	   2.83	   0.85	   3.81	   1.95	   0.14	   17.71	   20.75	   0.18	   98.96	  
65_01A.22	   51.21	   0.15	   2.20	   0.70	   3.49	   1.21	   0.13	   17.97	   21.08	   0.21	   98.00	  
65_01A.23	   50.60	   0.18	   2.85	   0.81	   3.77	   1.56	   0.14	   17.47	   20.99	   0.20	   98.19	  
65_01A.24	   51.68	   0.13	   2.14	   0.74	   3.42	   2.07	   0.16	   18.52	   20.15	   0.19	   98.85	  
65_01A.25	   51.15	   0.17	   2.69	   0.76	   3.18	   2.30	   0.16	   17.70	   20.55	   0.21	   98.55	  
65_01A.26	   52.91	   0.15	   2.06	   0.52	   2.39	   2.61	   0.15	   17.98	   21.59	   0.20	   100.31	  
65_01A.27	   51.07	   0.23	   3.49	   0.40	   3.18	   3.27	   0.16	   17.05	   20.72	   0.20	   99.45	  
65_01A.28	   51.38	   0.19	   2.97	   0.71	   2.61	   3.00	   0.16	   17.35	   20.69	   0.22	   99.01	  
65_01A.29	   52.31	   0.16	   2.16	   0.51	   2.78	   3.06	   0.17	   18.31	   20.38	   0.16	   99.72	  
65_01C.1	   55.13	   0.05	   0.70	   0.61	   0.71	   2.92	   0.11	   19.11	   22.13	   0.11	   101.50	  
65_01C.2	   54.99	   0.06	   1.12	   0.96	   0.49	   3.07	   0.10	   18.66	   22.41	   0.14	   101.96	  
65_01C.3	   55.30	   0.04	   0.88	   0.82	   0.25	   3.09	   0.11	   18.87	   22.55	   0.10	   101.98	  
65_01C.4	   54.56	   0.08	   1.60	   0.82	   0.22	   3.48	   0.09	   17.96	   22.46	   0.20	   101.46	  
65_01C.5	   55.34	   0.06	   1.04	   0.73	   0.00	   3.84	   0.10	   18.64	   22.19	   0.14	   102.08	  
65_01C.6	   53.68	   0.11	   1.54	   0.17	   2.04	   3.51	   0.13	   18.16	   21.55	   0.14	   100.83	  
65_01C.7	   55.06	   0.08	   1.04	   0.20	   0.00	   5.01	   0.14	   18.87	   20.16	   0.10	   100.65	  
65_01C.8	   53.54	   0.13	   2.16	   0.29	   1.16	   4.26	   0.12	   17.38	   22.08	   0.10	   101.11	  
65_01C.9	   54.35	   0.05	   1.22	   1.15	   0.77	   2.68	   0.08	   18.00	   22.80	   0.21	   101.24	  
65_01C.10	   54.26	   0.10	   1.86	   0.72	   1.04	   3.55	   0.10	   17.66	   22.66	   0.17	   102.01	  
65_01C.11	   54.48	   0.07	   1.30	   0.70	   0.85	   3.24	   0.10	   18.36	   22.02	   0.20	   101.23	  
65_01C.12	   54.84	   0.02	   0.57	   0.43	   0.61	   1.54	   0.09	   17.70	   24.64	   0.18	   100.57	  
65_01C.13	   55.07	   0.02	   0.68	   0.48	   0.72	   1.62	   0.07	   18.21	   24.19	   0.16	   101.14	  
65_01C.14	   54.95	   0.01	   0.43	   0.36	   0.00	   1.93	   0.08	   17.59	   24.70	   0.13	   100.18	  
65_01D.1	   52.31	   0.24	   2.09	   0.00	   1.72	   7.04	   0.30	   15.86	   20.45	   0.20	   100.04	  
65_01D.2	   53.61	   0.12	   1.65	   0.26	   1.20	   3.96	   0.15	   17.41	   22.21	   0.13	   100.57	  
65_01D.3	   53.67	   0.13	   1.57	   0.47	   1.58	   2.51	   0.12	   17.89	   22.74	   0.14	   100.64	  
65_01D.4	   52.65	   0.13	   2.73	   0.48	   1.62	   3.54	   0.13	   17.14	   22.02	   0.13	   100.41	  
65_01D.5	   51.77	   0.37	   2.79	   0.00	   1.92	   7.57	   0.32	   15.48	   20.13	   0.21	   100.38	  
65_01D.6	   50.55	   0.30	   4.24	   0.20	   2.88	   5.63	   0.23	   15.68	   20.09	   0.25	   99.76	  
65_01D.7	   50.89	   0.31	   3.73	   0.09	   3.05	   5.14	   0.19	   15.74	   20.77	   0.25	   99.85	  
65_01E.1	   54.34	   0.08	   1.36	   0.75	   1.43	   2.29	   0.09	   18.71	   22.30	   0.16	   101.37	  
65_01E.2	   54.33	   0.12	   1.70	   0.73	   0.89	   3.07	   0.10	   18.73	   21.81	   0.12	   101.50	  
65_01E.3	   52.71	   0.09	   2.78	   0.20	   2.01	   2.19	   0.13	   16.70	   23.69	   0.14	   100.44	  
65_01E.4	   53.92	   0.09	   1.20	   0.25	   1.63	   2.76	   0.14	   16.96	   24.04	   0.13	   100.95	  
65_01E.5	   54.94	   0.06	   1.24	   1.10	   0.00	   3.04	   0.08	   18.58	   22.40	   0.16	   101.60	  
65_01E.6	   55.48	   0.03	   0.68	   0.10	   0.91	   3.04	   0.12	   20.04	   21.12	   0.09	   101.52	  
65_01E.7	   53.83	   0.06	   1.22	   0.25	   1.39	   3.21	   0.12	   17.22	   23.24	   0.14	   100.54	  
65_01E.8	   53.39	   0.06	   2.50	   0.27	   1.29	   3.24	   0.16	   16.53	   23.86	   0.10	   101.27	  
65_01E.9	   55.04	   0.04	   0.88	   0.84	   0.16	   2.80	   0.10	   18.84	   22.46	   0.13	   101.27	  
65_01E.10	   54.84	   0.05	   0.83	   0.65	   0.55	   2.69	   0.07	   19.36	   21.69	   0.12	   100.81	  
65_01E.11	   52.79	   0.05	   2.52	   0.26	   2.46	   2.27	   0.13	   16.74	   23.78	   0.10	   100.87	  
65_01E.12	   52.64	   0.07	   2.10	   0.27	   2.42	   3.16	   0.15	   17.95	   21.03	   0.16	   99.72	  
65_01E.13	   53.22	   0.03	   1.07	   0.73	   1.47	   1.97	   0.10	   18.27	   22.13	   0.15	   98.99	  
65_02.1	   51.71	   0.31	   3.80	   0.11	   2.62	   5.90	   0.21	   15.96	   20.59	   0.25	   101.22	  
65_02.2	   52.10	   0.32	   3.31	   0.07	   3.10	   5.54	   0.25	   16.60	   20.46	   0.21	   101.67	  
65_02.3	   52.19	   0.32	   2.65	   0.04	   2.87	   5.30	   0.23	   15.83	   21.64	   0.26	   101.04	  
65_02.4	   52.78	   0.20	   2.52	   0.29	   2.48	   3.66	   0.17	   16.84	   22.37	   0.17	   101.24	  
65_02.5	   52.19	   0.28	   2.73	   0.04	   2.75	   5.09	   0.23	   16.03	   21.47	   0.27	   100.81	  
65_02.6	   52.03	   0.37	   2.20	   0.02	   2.22	   9.01	   0.37	   15.59	   18.95	   0.24	   100.77	  
65_02.7	   51.32	   0.35	   3.59	   0.09	   3.28	   5.20	   0.19	   16.01	   20.76	   0.25	   100.71	  
65_02.8	   53.56	   0.17	   1.92	   0.26	   1.45	   5.27	   0.21	   16.74	   21.78	   0.21	   101.42	  
65_02.9	   52.48	   0.25	   2.75	   0.23	   2.70	   4.93	   0.21	   16.44	   21.36	   0.25	   101.34	  
65_02.10	   50.90	   0.36	   4.40	   0.05	   3.32	   6.76	   0.25	   15.35	   20.01	   0.25	   101.33	  
66_01A.1	   54.38	   0.15	   1.56	   0.44	   0.72	   4.04	   0.15	   18.21	   21.76	   0.13	   101.48	  
66_01A.2	   52.57	   0.21	   3.06	   1.14	   1.84	   2.92	   0.10	   16.97	   22.63	   0.17	   101.43	  
66_01A.3	   51.13	   0.44	   4.31	   0.39	   2.13	   4.03	   0.12	   15.44	   22.51	   0.22	   100.50	  
66_01A.4	   52.77	   0.21	   3.01	   0.44	   1.44	   3.72	   0.12	   16.58	   22.65	   0.19	   100.99	  
66_01A.5	   54.26	   0.15	   1.56	   0.43	   1.15	   3.35	   0.12	   17.91	   22.60	   0.14	   101.57	  
66_01A.6	   52.92	   0.17	   2.58	   1.17	   1.43	   2.82	   0.10	   17.10	   22.66	   0.22	   101.01	  
66_01A.7	   52.50	   0.19	   2.92	   1.32	   1.68	   2.80	   0.11	   17.15	   22.38	   0.17	   101.05	  
66_01B.1	   53.67	   0.20	   2.17	   0.09	   1.67	   4.59	   0.18	   17.68	   21.42	   0.14	   101.63	  
66_01B.2	   54.34	   0.13	   1.34	   0.61	   0.57	   3.59	   0.14	   18.07	   22.32	   0.12	   101.17	  
66_01B.3	   52.99	   0.16	   2.67	   1.42	   1.59	   2.50	   0.11	   17.43	   22.58	   0.19	   101.49	  
66_01B.4	   51.45	   0.18	   2.17	   0.08	   2.80	   3.32	   0.18	   17.02	   21.29	   0.12	   98.32	  
66_01C.1	   52.66	   0.21	   2.74	   0.68	   1.70	   3.16	   0.14	   16.97	   22.49	   0.17	   100.74	  
66_01C.2	   53.25	   0.13	   1.38	   0.63	   2.07	   2.32	   0.13	   18.14	   22.17	   0.13	   100.14	  
66_01C.3	   52.50	   0.16	   1.93	   0.20	   2.67	   3.10	   0.18	   17.24	   22.08	   0.13	   99.93	  
66_01C.4	   50.66	   0.30	   3.57	   0.39	   3.94	   2.23	   0.15	   16.02	   22.53	   0.23	   99.63	  
66_01C.5	   51.44	   0.25	   3.12	   1.02	   2.53	   2.50	   0.14	   16.60	   22.36	   0.19	   99.89	  
66_01C.6	   54.17	   0.12	   1.44	   0.55	   0.77	   3.66	   0.16	   18.30	   21.77	   0.12	   100.98	  
66_01C.7	   52.63	   0.16	   2.80	   1.24	   1.55	   2.67	   0.09	   17.04	   22.76	   0.17	   100.95	  
66_01D.1	   53.46	   0.11	   1.30	   0.63	   2.29	   2.11	   0.15	   18.46	   22.04	   0.14	   100.45	  
66_01D.2	   52.91	   0.18	   1.93	   0.18	   1.78	   3.99	   0.16	   17.58	   21.44	   0.10	   100.09	  
66_01D.3	   52.52	   0.19	   2.68	   0.76	   1.68	   3.15	   0.11	   16.58	   23.02	   0.14	   100.66	  
66_01E.1	   52.75	   0.12	   1.29	   0.72	   2.98	   1.33	   0.11	   18.23	   22.32	   0.14	   99.69	  
66_01E.2	   50.42	   0.27	   3.24	   0.67	   4.33	   1.04	   0.12	   16.55	   22.64	   0.18	   99.02	  
66_01E.3	   52.46	   0.15	   1.64	   0.18	   2.85	   2.58	   0.17	   17.80	   21.71	   0.12	   99.37	  
66_01E.4	   51.58	   0.24	   3.05	   0.77	   2.95	   2.13	   0.12	   16.43	   23.10	   0.17	   100.23	  
66_01E.5	   52.53	   0.12	   1.43	   0.70	   2.45	   2.16	   0.17	   17.97	   21.79	   0.14	   99.20	  
66_01G.1	   52.25	   0.24	   3.05	   0.76	   1.98	   2.84	   0.11	   16.67	   22.87	   0.15	   100.75	  
66_01G.2	   52.01	   0.22	   2.95	   1.16	   2.36	   2.41	   0.10	   16.86	   22.57	   0.19	   100.60	  
66_01G.3	   51.66	   0.27	   3.28	   0.24	   2.60	   4.38	   0.18	   16.63	   21.17	   0.15	   100.29	  
66_02.1	   53.06	   0.15	   2.23	   1.38	   1.22	   2.64	   0.09	   17.25	   22.88	   0.17	   100.95	  
66_02.2	   52.21	   0.16	   2.70	   1.26	   2.49	   1.90	   0.15	   16.94	   23.01	   0.18	   100.76	  
66_02.3	   52.58	   0.23	   3.02	   0.99	   1.51	   3.06	   0.10	   16.70	   22.82	   0.20	   101.05	  
66_02.4	   53.39	   0.15	   2.29	   1.06	   1.33	   3.16	   0.12	   17.36	   22.61	   0.17	   101.51	  
66_02.5	   52.40	   0.21	   3.41	   0.34	   2.01	   3.92	   0.14	   16.71	   21.97	   0.18	   101.09	  
 
 
 
 
 
 
 
 
Table B.3. Representative Orthopyroxene Analyses  
 
Analysis	  #	   SiO2	   TiO2	   Al2O3	   FeO	   MnO	   MgO	   CaO	   TOTAL	   Mg#	  
64_01_14	   53.68	   0.13	   1.34	   17.88	   0.57	   25.26	   1.67	   100.54	   0.73	  
65_01A_10A	   55.99	   0.09	   0.91	   10.66	   0.32	   30.52	   2.26	   100.88	   0.86	  
65_01A_10B	   55.19	   0.09	   0.89	   10.62	   0.30	   29.45	   2.37	   98.99	   0.84	  
65_01A_14	   53.85	   0.14	   1.46	   10.73	   0.30	   28.40	   2.80	   97.76	   0.84	  
65_01A_18	   54.01	   0.14	   1.90	   11.75	   0.31	   28.27	   2.53	   99.03	   0.82	  
65_01A_21	   54.06	   0.12	   1.16	   11.58	   0.30	   27.99	   2.62	   97.83	   0.82	  
65_01A_22	   53.63	   0.12	   1.12	   11.48	   0.32	   28.28	   2.32	   97.41	   0.83	  
65_01D_18	   51.03	   0.16	   1.83	   16.04	   0.41	   25.32	   1.62	   96.40	   0.77	  
65_01D_3	   52.92	   0.12	   0.71	   17.91	   0.51	   24.10	   1.64	   97.92	   0.71	  
65_01D_4	   53.11	   0.18	   0.99	   17.79	   0.48	   24.13	   2.37	   99.14	   0.72	  
65_01D_5	   52.26	   0.23	   1.11	   18.57	   0.54	   23.01	   2.39	   98.12	   0.69	  
65_01D_9	   53.71	   0.09	   0.94	   15.40	   0.42	   25.93	   1.87	   98.41	   0.76	  
65_02_10	   51.76	   0.11	   1.94	   16.07	   0.43	   25.01	   1.51	   96.82	   0.75	  
65_02_11	   54.22	   0.09	   1.11	   14.70	   0.39	   26.76	   1.71	   98.98	   0.77	  
65_02_14	   53.20	   0.12	   1.64	   14.91	   0.39	   26.25	   1.65	   98.16	   0.76	  
65_02_4	   53.42	   0.13	   1.80	   14.70	   0.36	   26.31	   1.69	   98.54	   0.76	  
65_02_8	   52.66	   0.10	   1.04	   15.52	   0.41	   25.60	   1.71	   97.04	   0.76	  
65_02_9	   52.18	   0.15	   1.80	   15.02	   0.38	   25.68	   1.65	   96.87	   0.76	  
66_01G_6	   51.48	   0.10	   1.42	   21.03	   0.53	   21.45	   2.34	   98.36	   0.66	  
66_01G_7	   51.58	   0.11	   1.50	   20.83	   0.52	   21.71	   2.12	   98.46	   0.66	  	  
Table B.4. Representative Plagioclase Analyses 
 
Analysis	  #	   SiO2	   TiO2	   Al2O3	   FeO*	   CaO	   Na2O	   K2O	   Total	   An#	  
64_01.1	   50.30	   0.02	   31.98	   0.91	   14.90	   2.72	   0.26	   101.09	   75.13	  
64_01.2	   45.52	   0.02	   35.25	   0.93	   18.34	   1.04	   0.04	   101.14	   90.67	  
64_01.5	   47.57	   0.03	   33.82	   1.02	   16.81	   1.73	   0.26	   101.24	   84.31	  
65_01A.1	   49.41	   0.01	   30.57	   1.76	   15.40	   2.44	   0.14	   99.74	   77.68	  
65_01A.2	   51.25	   0.03	   31.08	   1.11	   14.21	   3.03	   0.18	   100.89	   72.13	  
65_01A.3	   52.24	   0.04	   30.61	   1.24	   13.82	   3.16	   0.20	   101.32	   70.77	  
65_01A.4	   51.44	   0.04	   30.74	   1.24	   14.22	   2.99	   0.17	   100.83	   72.46	  
65_01A.5	   51.08	   0.03	   30.80	   1.22	   14.13	   3.03	   0.19	   100.48	   72.04	  
65_01A.6	   51.75	   0.03	   30.15	   1.39	   13.75	   3.18	   0.18	   100.43	   70.50	  
65_01D.1	   48.16	   0.01	   33.75	   0.82	   16.60	   1.93	   0.07	   101.34	   82.59	  
65_01D.4	   47.25	   0.02	   33.77	   0.84	   16.98	   1.77	   0.05	   100.68	   84.15	  
65_01D.5	   48.10	   0.03	   31.56	   1.11	   15.47	   2.13	   0.16	   98.55	   80.09	  
65_01D.6	   45.81	   0.02	   31.65	   0.60	   15.53	   1.79	   0.06	   95.47	   82.77	  
65_01D.7	   45.04	   0.02	   32.37	   0.77	   16.28	   1.36	   0.05	   95.90	   86.90	  
65_01D.8	   47.98	   0.00	   30.39	   0.57	   13.48	   2.79	   0.09	   95.29	   72.74	  
65_01D.9	   45.26	   0.02	   31.53	   0.63	   15.00	   1.98	   0.07	   94.49	   80.70	  
65_01D.10	   45.38	   0.02	   31.24	   0.66	   15.07	   1.89	   0.09	   94.36	   81.49	  
65_01D.11	   45.40	   0.01	   30.01	   0.75	   14.18	   2.02	   0.10	   92.47	   79.53	  
65_01D.12	   47.94	   0.02	   28.05	   1.02	   11.97	   3.01	   0.20	   92.22	   68.71	  
65_02.1	   47.00	   0.01	   34.46	   0.88	   17.48	   1.46	   0.08	   101.38	   86.90	  
65_02.2	   48.81	   0.02	   33.63	   0.89	   16.22	   2.18	   0.08	   101.82	   80.46	  
65_02.3	   46.63	   0.00	   34.88	   0.88	   17.71	   1.46	   0.06	   101.61	   87.02	  
65_02.4	   46.95	   0.01	   34.77	   0.75	   17.49	   1.55	   0.05	   101.57	   86.16	  
65_02.5	   47.39	   0.01	   34.65	   0.88	   17.39	   1.66	   0.06	   102.04	   85.24	  
65_02.6	   51.53	   0.02	   32.22	   0.82	   14.21	   3.39	   0.15	   102.33	   69.86	  
66_01A.1	   48.44	   0.02	   33.23	   0.93	   15.98	   2.14	   0.10	   100.84	   80.47	  
66_01A.2	   51.25	   0.05	   31.11	   1.30	   14.33	   2.86	   0.24	   101.15	   73.45	  
66_01A.3	   48.90	   0.03	   32.94	   1.00	   15.95	   2.12	   0.10	   101.03	   80.61	  
66_01A.4	   48.87	   0.03	   33.20	   1.03	   16.21	   2.11	   0.11	   101.57	   80.93	  
66_01A.5	   50.18	   0.10	   31.63	   1.53	   14.91	   2.56	   0.22	   101.14	   76.29	  
66_01B.1	   49.15	   0.38	   25.62	   5.63	   14.91	   2.32	   0.19	   98.20	   78.00	  
66_01B.2	   48.05	   0.03	   33.37	   0.96	   16.12	   2.11	   0.09	   100.74	   80.84	  
66_01B.3	   48.03	   0.03	   33.09	   1.09	   16.10	   2.10	   0.11	   100.57	   80.91	  
66_01B.4	   44.54	   0.02	   31.64	   1.00	   15.49	   2.11	   0.10	   94.90	   80.20	  
66_01C.1	   48.70	   0.01	   33.60	   0.99	   16.41	   2.06	   0.10	   101.87	   81.47	  
66_01C.2	   48.69	   0.03	   32.11	   1.12	   16.08	   2.31	   0.13	   100.46	   79.39	  
66_01C.3	   47.91	   0.03	   32.66	   1.02	   16.03	   2.24	   0.12	   100.01	   79.84	  
66_01C.4	   49.21	   0.03	   31.99	   1.12	   15.64	   2.39	   0.14	   100.53	   78.37	  
66_01C.5	   48.14	   0.02	   32.55	   1.04	   16.14	   2.11	   0.11	   100.12	   80.85	  
66_01C.6	   48.55	   0.16	   28.72	   2.61	   15.23	   2.57	   0.17	   98.00	   76.59	  
66_01C.7	   47.59	   0.02	   33.92	   0.91	   16.74	   1.78	   0.09	   101.04	   83.88	  
66_01D.1	   48.12	   0.03	   32.42	   1.15	   16.08	   2.08	   0.11	   99.98	   81.04	  
66_01D.2	   48.68	   0.13	   29.67	   3.10	   15.03	   2.17	   0.26	   99.04	   79.28	  
66_01D.3	   49.22	   0.03	   31.50	   1.21	   15.11	   2.47	   0.18	   99.72	   77.20	  
66_01D.4	   49.31	   0.02	   32.83	   1.14	   16.00	   2.21	   0.11	   101.62	   79.99	  
66_01D.5	   48.73	   0.02	   32.94	   1.23	   15.82	   2.32	   0.13	   101.19	   79.04	  
66_01D.6	   49.81	   0.03	   32.51	   1.15	   15.38	   2.54	   0.15	   101.56	   77.03	  
66_01D.7	   52.81	   0.09	   29.45	   1.65	   13.21	   3.36	   0.32	   100.89	   68.50	  
66-­‐01E.1	   46.72	   0.02	   32.66	   0.92	   16.30	   1.98	   0.10	   98.69	   81.95	  
66-­‐01E.2	   47.77	   0.03	   31.48	   1.13	   15.64	   2.26	   0.15	   98.46	   79.26	  
66-­‐01E.3	   48.96	   0.10	   29.98	   1.53	   14.49	   2.44	   0.48	   97.98	   76.62	  
66-­‐01E.4	   46.12	   0.02	   32.15	   0.90	   16.49	   1.88	   0.11	   97.67	   82.93	  
66-­‐01E.5	   49.39	   0.05	   31.08	   1.32	   15.05	   2.48	   0.20	   99.56	   77.01	  
66-­‐01E.6	   47.94	   0.02	   32.40	   0.97	   16.21	   2.12	   0.12	   99.78	   80.89	  
66-­‐01E.7	   47.02	   0.02	   32.71	   0.82	   16.59	   1.84	   0.07	   99.06	   83.32	  
66-­‐01G.1	   44.81	   0.01	   34.61	   1.00	   18.44	   0.95	   0.03	   99.84	   91.51	  
66-­‐01G.2	   49.03	   0.06	   31.95	   1.30	   15.85	   2.07	   0.21	   100.47	   80.90	  
66-­‐01G.3	   49.31	   0.04	   31.90	   1.18	   15.44	   2.39	   0.15	   100.42	   78.09	  
66_02.1	   48.53	   0.02	   33.62	   0.88	   16.59	   1.96	   0.10	   101.70	   82.41	  
66_02.2	   49.30	   0.02	   33.35	   1.05	   16.10	   2.22	   0.11	   102.15	   80.05	  
66_02.3	   52.34	   0.18	   26.41	   3.08	   13.52	   3.03	   0.53	   99.09	   71.13	  
66_02.4	   49.11	   0.05	   32.46	   1.22	   15.78	   2.24	   0.14	   101.01	   79.57	  
Table B.5. Representative Spinel Analyses 
 
Analysis	  #	   TiO2	   Al2O3	   Cr2O3	   FeO*	   MnO	   MgO	   Total	   Mg#	   Fe#	   Cr#	  
62_01.1	   0.21	   7.19	   55.82	   22.41	   0.18	   12.10	   97.91	   60.32	   11.56	   74.21	  
62_01.2	   0.15	   6.31	   59.89	   21.19	   0.20	   11.63	   99.37	   57.81	   8.47	   79.11	  
62_01.3	   0.18	   5.50	   43.24	   21.27	   0.25	   17.69	   88.13	   93.13	   28.03	   60.50	  
62_01.4	   0.17	   6.90	   53.33	   24.72	   0.24	   13.34	   98.70	   65.60	   16.93	   69.65	  
62_01.5	   0.15	   6.39	   58.42	   23.46	   0.21	   10.61	   99.23	   53.16	   9.57	   77.76	  
62_01.6	   0.13	   7.90	   58.63	   25.32	   0.27	   8.73	   100.98	   43.51	   7.13	   77.34	  
62_01.7	   0.21	   6.84	   57.96	   23.95	   0.24	   10.77	   99.97	   53.41	   10.05	   76.49	  
62_01.8	   0.15	   6.26	   59.91	   21.00	   0.18	   11.76	   99.27	   58.45	   8.52	   79.16	  
64_01.1	   0.29	   10.86	   52.92	   19.28	   0.19	   13.84	   97.37	   67.34	   10.06	   68.88	  
64_01.2	   0.30	   10.46	   52.29	   20.97	   0.23	   12.76	   97.01	   62.90	   10.53	   68.92	  
64_01.3	   0.27	   9.39	   55.27	   18.91	   0.19	   13.94	   97.96	   67.91	   9.86	   71.94	  
64_01.4	   0.30	   10.62	   52.90	   20.03	   0.21	   12.92	   96.99	   63.56	   9.50	   69.65	  
65_01A.1	   0.16	   6.31	   59.16	   23.94	   0.24	   9.82	   99.63	   49.40	   8.47	   78.97	  
65_01A.2	   0.18	   6.75	   59.66	   22.60	   0.19	   11.19	   100.59	   55.05	   8.73	   78.10	  
65_01A.3	   0.19	   6.43	   57.10	   25.63	   0.26	   8.83	   98.45	   45.17	   9.37	   77.60	  
65_01A.4	   0.17	   6.31	   60.30	   23.35	   0.23	   9.74	   100.10	   48.81	   7.23	   80.26	  
65_01A.5	   0.04	   5.42	   59.04	   30.05	   0.41	   5.31	   100.28	   27.76	   7.86	   81.05	  
65_01A.6	   0.05	   5.81	   60.03	   28.38	   0.34	   6.07	   100.69	   31.33	   6.68	   81.55	  
65_01A.7	   0.04	   5.31	   59.24	   29.34	   0.41	   5.29	   99.63	   27.83	   7.17	   81.88	  
65_01A.8	   0.05	   5.42	   59.91	   29.17	   0.33	   5.59	   100.47	   29.04	   6.97	   81.98	  
65_01A.9	   0.05	   5.64	   59.85	   29.28	   0.36	   5.90	   101.07	   30.39	   7.46	   81.15	  
65_01A.10	   0.37	   9.24	   49.30	   28.89	   0.30	   9.97	   98.08	   49.83	   15.56	   66.00	  
65_01A.11	   0.51	   12.12	   41.77	   32.95	   0.26	   9.27	   96.87	   46.19	   19.49	   56.21	  
65_01A.12	   0.20	   6.70	   55.58	   26.39	   0.30	   8.89	   98.05	   45.55	   10.73	   75.68	  
65_01A.13	   0.42	   8.46	   45.86	   32.84	   0.27	   9.00	   96.84	   45.78	   20.03	   62.73	  
65_01A.14	   0.52	   12.41	   42.02	   31.41	   0.23	   10.87	   97.45	   53.13	   20.02	   55.54	  
65_01A.15	   0.37	   8.49	   51.13	   25.93	   0.21	   11.54	   97.66	   57.30	   14.95	   68.18	  
65_01A.16	   0.37	   12.23	   40.52	   31.94	   0.26	   10.81	   96.13	   53.74	   21.67	   54.04	  
65_01A.17	   0.23	   7.05	   54.49	   25.85	   0.25	   9.92	   97.80	   50.40	   12.07	   73.72	  
65_01C.1	   0.19	   6.44	   57.35	   23.87	   0.24	   10.60	   98.69	   53.35	   10.40	   76.76	  
65_01C.2	   0.11	   10.06	   53.04	   30.90	   0.41	   6.38	   100.90	   32.14	   9.68	   70.41	  
65_01E.1	   0.16	   6.83	   59.67	   19.04	   0.18	   12.94	   98.82	   63.84	   8.31	   78.33	  
65_01E.2	   0.18	   6.49	   56.85	   20.33	   0.21	   12.73	   96.80	   64.15	   10.85	   76.19	  
65_01E.3	   0.20	   9.34	   58.79	   15.25	   0.19	   14.69	   98.46	   71.08	   6.27	   75.78	  
65_01E.4	   0.22	   6.54	   54.75	   25.79	   0.28	   9.52	   97.10	   48.98	   11.74	   74.92	  
65_01E.5	   0.12	   8.09	   53.56	   27.11	   0.34	   8.49	   97.72	   43.67	   10.89	   72.74	  
66_01A.1	   0.31	   10.68	   50.60	   19.11	   0.17	   12.21	   93.08	   62.44	   8.74	   69.42	  
66_01A.2	   0.30	   10.74	   47.56	   28.88	   0.32	   8.11	   95.92	   41.78	   12.68	   65.33	  
66_01A.3	   0.27	   11.18	   53.61	   19.74	   0.22	   12.89	   97.91	   62.84	   8.48	   69.83	  
66_01A.4	   0.53	   10.02	   44.69	   32.23	   0.31	   7.76	   95.55	   40.00	   16.93	   62.26	  
66_01B.1	   0.31	   11.94	   52.30	   21.55	   0.21	   12.22	   98.52	   59.27	   9.03	   67.89	  
66_01B.2	   0.26	   11.46	   54.32	   21.19	   0.22	   12.33	   99.78	   59.30	   8.30	   69.76	  
66_01B.3	   0.27	   11.47	   53.33	   24.18	   0.25	   10.38	   99.87	   50.57	   8.39	   69.38	  
66_01B.4	   0.34	   11.29	   53.45	   21.89	   0.21	   12.53	   99.71	   60.12	   9.62	   68.75	  
66_01B.5	   0.24	   11.40	   54.08	   19.68	   0.19	   12.80	   98.40	   62.11	   7.90	   70.08	  
66_01C.1	   0.27	   11.74	   54.36	   19.05	   0.18	   13.52	   99.11	   64.73	   8.02	   69.59	  
66_01C.2	   0.26	   13.12	   54.34	   17.06	   0.15	   15.24	   100.17	   71.07	   7.91	   67.72	  
66_01D.1	   0.28	   11.07	   53.97	   19.09	   0.19	   13.60	   98.21	   65.79	   8.86	   69.80	  
66_01D.2	   0.25	   11.32	   54.48	   19.64	   0.19	   13.81	   99.69	   65.81	   9.22	   69.32	  
66_01D.3	   0.33	   11.53	   52.75	   21.71	   0.19	   12.97	   99.48	   62.06	   10.28	   67.68	  
66_01D.4	   0.32	   10.23	   51.67	   22.64	   0.23	   12.70	   97.80	   62.17	   12.29	   67.72	  
66_01D.5	   0.41	   9.90	   47.96	   31.17	   0.35	   7.14	   96.92	   36.73	   13.49	   66.16	  
66_01E.1	   0.30	   9.49	   47.97	   30.20	   0.34	   7.28	   95.59	   38.04	   13.39	   66.90	  
66_01G.1	   0.30	   11.37	   52.20	   21.46	   0.22	   12.46	   98.00	   60.75	   9.81	   68.09	  
66_01G.2	   0.27	   11.10	   51.97	   22.12	   0.23	   11.55	   97.22	   57.19	   9.39	   68.73	  
66_01G.3	   0.30	   11.11	   52.51	   19.96	   0.17	   12.68	   96.74	   62.45	   8.89	   69.27	  
66_02.1	   0.22	   9.05	   59.63	   16.85	   0.11	   13.76	   99.62	   66.27	   5.93	   76.72	  
66_02.2	   0.27	   11.20	   52.01	   26.35	   0.31	   8.00	   98.14	   40.42	   7.57	   69.97	  
 	  
  
Appendix C 
 
Ritter Xenoliths: Major Element Compositions
Table C.1. Representative Olivine Analyses  
 
Analysis	  #	   Institution	   SiO2	   Cr2O3	   FeO*	   MnO	   MgO	   CaO	   NiO	   Fo#	  
62-­‐02(1)_16	   ANU	   40.36	   0.02	   11.99	   0.18	   47.32	   0.04	   0.21	   87.74	  
62-­‐02(1)_1	   ANU	   40.38	   0.34	   11.39	   0.20	   47.63	   0.04	   0.22	   88.34	  
62-­‐02(1)_13	   ANU	   40.03	   	   12.30	   0.22	   47.42	   0.03	   0.23	   88.33	  
62-­‐02(1)_21	   ANU	   40.18	   	   12.19	   0.22	   47.40	   	   0.23	   88.10	  
62-­‐02(1)_11	   ANU	   40.10	   	   11.97	   0.26	   47.69	   	   0.23	   88.71	  
62-­‐02(1)_4	   ANU	   40.37	   	   12.53	   0.25	   46.82	   	   0.23	   87.15	  
62-­‐02(1)_19	   ANU	   40.13	   	   11.93	   0.21	   47.68	   	   0.24	   88.61	  
62-­‐02(1)_3	   ANU	   40.25	   0.04	   12.81	   0.20	   46.63	   	   0.25	   86.82	  
62-­‐02(1)_6	   ANU	   40.29	   0.10	   12.25	   0.17	   47.08	   	   0.25	   87.44	  
62-­‐02(1)_17	   ANU	   39.73	   	   12.13	   0.20	   47.59	   	   0.26	   88.95	  
62-­‐02(1)_12	   ANU	   40.16	   	   11.87	   0.16	   47.76	   0.02	   0.26	   88.70	  
63-­‐01(1)_22	   ANU	   40.90	   0.26	   8.15	   0.14	   50.34	   0.14	   0.21	   92.01	  
63-­‐01(1)_32	   ANU	   40.81	   	   8.17	   0.14	   50.60	   	   0.38	   92.56	  
63-­‐01(1)_31	   ANU	   41.14	   	   8.15	   0.10	   50.27	   0.03	   0.38	   91.73	  
63-­‐01(1)_28	   ANU	   41.02	   	   8.15	   0.12	   50.37	   	   0.39	   91.92	  
63-­‐01(1)_20	   ANU	   40.73	   0.06	   8.89	   0.13	   49.86	   0.05	   0.39	   91.51	  
63-­‐01(1)_30	   ANU	   41.08	   	   7.90	   0.13	   50.61	   	   0.40	   92.25	  
63-­‐01(1)_26	   ANU	   40.83	   	   8.20	   0.07	   50.54	   0.03	   0.41	   92.40	  
63-­‐01(1)_5	   ANU	   41.00	   	   8.13	   0.10	   50.50	   	   0.41	   92.16	  
63-­‐01(2)_13	   ANU	   40.89	   	   8.34	   0.14	   50.29	   0.02	   0.39	   91.97	  
63-­‐01(2)_20	   ANU	   40.86	   0.03	   8.30	   0.11	   50.44	   	   0.39	   92.23	  
63-­‐01(2)_4	   ANU	   40.88	   0.06	   8.35	   0.10	   50.32	   0.03	   0.40	   92.02	  
63-­‐01(2)_7	   ANU	   40.61	   	   8.25	   0.10	   50.44	   	   0.41	   92.52	  
63-­‐01(2)_8	   ANU	   40.84	   	   8.15	   0.14	   50.46	   0.02	   0.42	   92.34	  
63-­‐01(2)_2	   ANU	   40.78	   	   8.22	   0.13	   50.45	   	   0.43	   92.39	  
67-­‐02A(2)-­‐2_17	   ANU	   41.39	   	   7.96	   0.12	   50.20	   0.03	   0.34	   91.86	  
67-­‐02A(2)-­‐2_3	   ANU	   41.40	   0.04	   7.90	   0.11	   50.58	   	   0.38	   92.35	  
67-­‐02A(2)-­‐1_4	   ANU	   40.58	   	   8.08	   0.10	   50.85	   0.04	   0.39	   93.24	  
67-­‐02A(2)-­‐2_4	   ANU	   41.32	   0.08	   7.92	   0.12	   50.11	   0.03	   0.40	   91.83	  
67-­‐02A(2)-­‐2_9	   ANU	   41.43	   	   7.97	   0.14	   50.10	   	   0.40	   91.86	  
67-­‐02A(2)-­‐2_7	   ANU	   41.51	   	   7.90	   0.08	   50.14	   0.03	   0.41	   91.94	  
67-­‐02A(2)-­‐2_8	   ANU	   41.41	   	   7.94	   0.09	   50.15	   	   0.41	   91.86	  
67-­‐02A(2)-­‐1_2	   ANU	   40.73	   	   8.00	   0.12	   50.79	   	   0.41	   92.95	  
67-­‐02A(2)-­‐1_11	   ANU	   40.52	   	   8.22	   0.12	   50.80	   	   0.42	   93.22	  
67-­‐02A(2)-­‐2_2	   ANU	   41.24	   	   8.12	   0.10	   50.18	   	   0.43	   91.76	  
67-­‐02A(2)-­‐1_20	   ANU	   40.48	   	   8.20	   0.13	   50.79	   	   0.44	   93.29	  
67-­‐02A(2)-­‐1_3	   ANU	   40.51	   	   8.04	   0.12	   50.86	   	   0.44	   93.33	  
67-­‐02A(2)-­‐2_15	   ANU	   41.08	   	   8.06	   0.13	   50.37	   0.02	   0.45	   91.91	  
67-­‐02A(2)-­‐2_5	   ANU	   41.21	   	   7.78	   0.09	   50.52	   	   0.46	   92.13	  
67-­‐02A(2)-­‐2_14	   ANU	   40.62	   	   8.17	   0.10	   50.56	   	   0.48	   92.73	  
67-­‐02A(4)_12	   ANU	   41.24	   	   8.28	   0.15	   49.92	   0.03	   0.40	   91.51	  
67-­‐02A(4)_15	   ANU	   41.12	   	   7.88	   0.12	   50.47	   	   0.41	   91.96	  
67-­‐02A(4)_2	   ANU	   40.95	   	   8.75	   0.11	   49.77	   0.03	   0.41	   91.07	  
67-­‐02A(4)_1	   ANU	   41.06	   	   8.80	   0.11	   49.63	   	   0.42	   90.99	  
67-­‐02A(4)_4	   ANU	   41.22	   	   8.66	   0.15	   49.61	   	   0.42	   91.14	  
67-­‐02A(4)_9	   ANU	   41.08	   	   8.59	   0.13	   49.78	   	   0.42	   91.18	  
67-­‐02A(4)_18	   ANU	   41.07	   	   7.72	   0.11	   50.66	   0.03	   0.43	   92.34	  
67-­‐02A(4)_21	   ANU	   40.88	   	   8.09	   0.12	   50.36	   0.02	   0.43	   92.09	  
67-­‐02A(4)_14	   ANU	   41.33	   	   7.86	   0.13	   50.26	   	   0.43	   91.97	  
67-­‐02A(5)_19	   ANU	   41.03	   	   7.84	   0.16	   50.44	   0.07	   0.41	   92.17	  
67-­‐02A(5)_3	   ANU	   40.88	   	   7.74	   0.13	   50.79	   	   0.41	   92.77	  
67-­‐02A(5)_5	   ANU	   40.77	   	   7.86	   0.14	   50.58	   0.08	   0.42	   92.67	  
67-­‐02A(5)_18	   ANU	   40.92	   	   7.93	   0.12	   50.43	   0.08	   0.42	   92.22	  
67-­‐02A(5)_17	   ANU	   41.18	   	   7.63	   0.13	   50.59	   	   0.42	   92.18	  
67-­‐02A(5)_6	   ANU	   41.01	   	   7.53	   0.12	   50.79	   0.02	   0.43	   92.64	  
67-­‐02A(5)_8	   ANU	   40.98	   	   7.58	   0.15	   50.71	   0.03	   0.46	   92.59	  
67-­‐02B(1)_21	   ANU	   41.24	   	   7.74	   0.12	   50.51	   0.03	   0.32	   92.06	  
67-­‐02B(1)_18	   ANU	   41.03	   	   7.80	   0.13	   50.60	   	   0.36	   92.31	  
67-­‐02B(1)_17	   ANU	   40.96	   	   7.67	   0.13	   50.79	   0.03	   0.37	   92.70	  
67-­‐02B(1)_22	   ANU	   40.87	   	   7.70	   0.15	   50.82	   	   0.40	   92.87	  
67-­‐02B(1)_16	   ANU	   40.97	   	   7.80	   0.10	   50.69	   	   0.41	   92.51	  
67-­‐02B(2)_21	   ANU	   41.52	   	   4.85	   0.08	   53.13	   0.03	   0.37	   95.65	  
67-­‐02B(2)_18	   ANU	   41.63	   	   5.54	   0.09	   52.38	   	   0.37	   94.42	  
67-­‐02B(2)_19	   ANU	   41.71	   	   5.45	   0.08	   52.33	   0.03	   0.39	   94.47	  
67-­‐02B(2)_20	   ANU	   41.42	   	   5.99	   0.09	   52.12	   0.02	   0.39	   94.19	  
67-­‐02B(2)_16	   ANU	   41.62	   	   5.46	   0.09	   52.43	   	   0.39	   94.48	  
67-­‐02B(2)_17	   ANU	   41.33	   	   5.13	   	   52.96	   	   0.46	   95.58	  
67-­‐02B(3)-­‐2_12	   ANU	   41.51	   	   7.61	   0.14	   50.47	   	   0.36	   92.30	  
67-­‐02B(3)-­‐1_6	   ANU	   41.43	   	   7.68	   0.11	   50.46	   0.03	   0.38	   92.22	  
67-­‐02B(3)-­‐2_14	   ANU	   41.46	   	   7.56	   0.11	   50.54	   0.02	   0.39	   92.34	  
67-­‐02B(3)-­‐1_19	   ANU	   41.63	   	   7.61	   0.14	   50.32	   	   0.39	   92.29	  
67-­‐02B(3)-­‐1_20	   ANU	   41.56	   	   7.70	   0.14	   50.24	   0.02	   0.39	   92.14	  
67-­‐02B(3)-­‐1_3	   ANU	   41.40	   	   7.53	   0.10	   50.58	   0.02	   0.39	   92.32	  
67-­‐02B(3)-­‐2_18	   ANU	   41.45	   	   7.71	   0.11	   50.38	   	   0.40	   92.16	  
67-­‐02B(3)-­‐2_17	   ANU	   41.69	   	   7.63	   0.12	   50.20	   0.02	   0.40	   92.21	  
67-­‐02B(3)-­‐2_13	   ANU	   41.39	   0.13	   7.58	   0.13	   50.39	   0.05	   0.40	   92.29	  
67-­‐02B(3)-­‐2_11	   ANU	   41.19	   	   7.62	   0.12	   50.72	   0.03	   0.41	   92.32	  
67-­‐02B(3)-­‐2_15	   ANU	   41.15	   	   7.65	   0.13	   50.60	   0.03	   0.46	   92.21	  
67-­‐02B(4)_6	   ANU	   40.29	   	   8.73	   0.13	   50.36	   0.03	   0.39	   92.81	  
67-­‐02B(4)_7	   ANU	   40.21	   	   8.93	   0.15	   50.24	   	   0.40	   92.71	  
67-­‐02B(4)_4	   ANU	   40.29	   	   8.45	   0.11	   50.71	   	   0.41	   93.34	  
67-­‐02B(4)_16	   ANU	   40.34	   	   8.60	   0.13	   50.50	   0.02	   0.41	   92.95	  
67-­‐02B(4)_21	   ANU	   40.08	   0.66	   10.38	   0.13	   48.63	   0.02	   0.42	   90.30	  
67-­‐02B(4)_11	   ANU	   40.20	   	   8.83	   0.12	   50.37	   0.03	   0.42	   92.94	  
67-­‐02B(4)_2	   ANU	   40.58	   	   8.48	   0.16	   50.39	   0.02	   0.44	   92.52	  
67-­‐02B(4)_3	   ANU	   40.58	   	   8.42	   0.13	   50.42	   	   0.44	   92.54	  
67-­‐02B(5)_9	   ANU	   41.03	   	   7.84	   0.10	   50.75	   0.02	   0.39	   92.51	  
67-­‐02B(5)_5	   ANU	   40.53	   	   8.07	   0.10	   51.10	   	   0.40	   93.68	  
67-­‐02B(5)_7	   ANU	   40.88	   	   7.86	   0.11	   50.88	   	   0.43	   92.92	  
67-­‐02B(5)_15	   ANU	   40.55	   	   7.83	   0.12	   51.22	   	   0.44	   93.87	  
67-­‐02B(6)_20	   ANU	   41.26	   	   12.58	   0.21	   45.54	   0.10	   0.42	   86.70	  
67-­‐02B(6)_17	   ANU	   41.36	   	   12.57	   0.21	   45.33	   0.10	   0.45	   86.57	  
67-­‐02D(1)_16	   ANU	   42.11	   	   9.08	   0.13	   48.33	   	   0.35	   90.47	  
67-­‐02D(1)_11	   ANU	   42.26	   	   8.80	   0.12	   48.53	   	   0.38	   90.86	  
67-­‐02D(1)_14	   ANU	   42.23	   	   9.04	   0.14	   48.22	   	   0.39	   90.51	  
67-­‐02D(1)_1	   ANU	   42.34	   	   8.89	   0.11	   48.35	   	   0.40	   90.73	  
67-­‐02D(1)_7	   ANU	   42.39	   	   8.97	   0.12	   48.15	   	   0.43	   90.59	  
67-­‐02D(1)_19	   ANU	   42.41	   	   7.98	   0.12	   49.11	   	   0.43	   91.69	  
67-­‐02D(1)_20	   ANU	   42.28	   	   7.98	   0.11	   49.02	   	   0.45	   91.48	  
67-­‐02D(1)_4	   ANU	   42.08	   	   8.96	   0.10	   48.44	   	   0.45	   90.64	  
67-­‐02D(1)_18	   ANU	   42.47	   	   7.90	   0.11	   49.17	   	   0.46	   91.84	  
67-­‐02D(2)_6	   ANU	   41.26	   0.11	   8.21	   0.20	   49.84	   0.06	   0.37	   91.60	  
67-­‐02D(2)_10	   ANU	   40.88	   0.11	   8.69	   0.21	   49.71	   0.05	   0.43	   91.27	  
67-­‐02D(2)_17	   ANU	   41.32	   0.12	   8.51	   0.22	   49.42	   0.06	   0.43	   91.25	  
67-­‐02D(2)_20	   ANU	   40.95	   0.11	   8.62	   0.19	   49.72	   0.06	   0.43	   91.22	  
67-­‐02D(2)_19	   ANU	   40.86	   0.11	   8.57	   0.19	   49.83	   0.06	   0.45	   91.49	  
67-­‐02D(2)_9	   ANU	   41.32	   0.11	   7.99	   0.19	   49.91	   0.06	   0.46	   91.80	  
67-­‐02D(3)-­‐1_10	   ANU	   41.05	   0.11	   7.58	   0.19	   50.56	   0.05	   0.44	   92.39	  
67-­‐02D(3)-­‐1_12	   ANU	   41.34	   0.12	   7.64	   0.20	   50.33	   0.06	   0.46	   92.29	  
67-­‐02D(3)-­‐1_14	   ANU	   41.22	   0.11	   7.56	   0.18	   50.52	   0.06	   0.44	   92.33	  
67-­‐02D(3)-­‐1_15	   ANU	   41.17	   0.11	   7.70	   0.19	   50.39	   0.06	   0.43	   92.15	  
67-­‐02D(3)-­‐1_2	   ANU	   41.30	   0.11	   7.69	   0.19	   50.32	   0.05	   0.43	   92.18	  
67-­‐02D(3)-­‐1_3	   ANU	   41.40	   0.10	   7.75	   0.17	   50.14	   0.05	   0.42	   92.06	  
67-­‐02D(3)-­‐1_4	   ANU	   41.43	   0.11	   7.69	   0.19	   50.12	   0.06	   0.43	   92.10	  
67-­‐02D(3)-­‐1_6	   ANU	   41.40	   0.10	   7.49	   0.19	   50.39	   0.05	   0.46	   92.39	  
67-­‐02D(3)-­‐1_8	   ANU	   41.25	   0.11	   7.75	   0.20	   50.28	   0.05	   0.40	   92.08	  
67-­‐02D(3)-­‐2_12	   ANU	   41.37	   	   7.81	   	   50.47	   	   0.37	   92.04	  
67-­‐02D(3)-­‐2_13	   ANU	   41.34	   	   7.79	   	   50.49	   	   0.44	   92.09	  
67-­‐02D(3)-­‐2_2	   ANU	   41.41	   	   7.68	   	   50.51	   	   0.46	   92.21	  
67-­‐02D(3)-­‐2_3	   ANU	   41.35	   	   7.72	   	   50.54	   	   0.43	   92.15	  
67-­‐02D(3)-­‐2_5	   ANU	   41.09	   	   7.77	   	   50.74	   	   0.45	   92.20	  
67-­‐02D(3)-­‐2_7	   ANU	   40.87	   	   7.90	   	   50.74	   	   0.45	   92.46	  
67-­‐02D(3)-­‐2_8	   ANU	   40.94	   	   7.98	   	   50.73	   	   0.40	   92.37	  
67-­‐02D(3)-­‐3_11	   ANU	   41.46	   	   7.85	   	   50.31	   	   0.46	   92.02	  
67-­‐02D(3)-­‐3_12	   ANU	   41.38	   	   7.89	   	   50.35	   	   0.46	   92.00	  
67-­‐02D(3)-­‐3_15	   ANU	   41.18	   	   7.79	   	   50.68	   	   0.42	   92.12	  
67-­‐02D(3)-­‐3_2	   ANU	   41.14	   	   7.82	   	   50.67	   	   0.43	   92.08	  
67-­‐02D(3)-­‐3_3	   ANU	   41.11	   	   7.86	   	   50.63	   	   0.42	   92.01	  
67-­‐02D(3)-­‐3_6	   ANU	   41.52	   	   7.74	   	   50.37	   	   0.44	   92.13	  
67-­‐02D(3)-­‐3_8	   ANU	   41.31	   	   7.80	   	   50.50	   	   0.45	   92.08	  
67-­‐02D(4)_14	   ANU	   43.49	   	   7.48	   	   48.67	   0.07	   0.39	   92.16	  
67-­‐02D(4)_13	   ANU	   43.24	   	   7.22	   	   49.24	   	   0.40	   92.50	  
67-­‐02D(4)_1	   ANU	   43.00	   	   7.17	   0.13	   49.32	   0.03	   0.40	   92.51	  
67-­‐02D(4)_20	   ANU	   43.39	   	   7.27	   	   49.06	   	   0.41	   92.46	  
67-­‐02D(4)_17	   ANU	   43.38	   	   7.29	   	   49.04	   	   0.41	   92.42	  
67-­‐02D(4)_10	   ANU	   43.28	   	   7.23	   	   49.10	   	   0.42	   92.41	  
67-­‐02D(4)_18	   ANU	   43.30	   	   7.41	   	   48.97	   	   0.43	   92.28	  
67-­‐02D(4)_4	   ANU	   43.42	   	   7.25	   	   49.01	   	   0.44	   92.46	  
67-­‐02D(4)_3	   ANU	   43.27	   	   7.69	   	   48.72	   	   0.44	   92.00	  
67-­‐02E(1)_9	   ANU	   43.28	   	   7.93	   	   48.53	   	   0.40	   91.74	  
67-­‐02E(1)_6	   ANU	   42.94	   	   7.95	   	   48.85	   	   0.41	   91.77	  
67-­‐02E(1)_15	   ANU	   43.12	   	   8.08	   	   48.55	   	   0.41	   91.62	  
67-­‐02E(1)_3	   ANU	   43.40	   	   7.89	   	   48.39	   	   0.43	   91.72	  
62-­‐01(1)_14	   UOB	   41.08	   	   8.70	   0.16	   49.80	   0.02	   0.23	   91.08	  
62-­‐01(1)_15	   UOB	   41.05	   	   8.83	   0.17	   49.71	   	   0.24	   90.97	  
62-­‐01(1)_7	   UOB	   40.84	   	   8.74	   0.15	   49.98	   	   0.26	   91.43	  
62-­‐01(1)_16	   UOB	   40.91	   	   8.76	   0.15	   49.92	   0.03	   0.26	   91.27	  
62-­‐01(1)_12	   UOB	   40.82	   	   8.84	   0.17	   49.90	   0.02	   0.27	   91.35	  
62-­‐01(1)_6	   UOB	   40.92	   	   8.91	   0.16	   49.78	   	   0.27	   91.03	  
62-­‐01(1)_4	   UOB	   40.78	   	   8.68	   0.15	   50.11	   0.02	   0.27	   91.73	  
62-­‐01(1)_2	   UOB	   40.79	   	   8.91	   0.17	   49.85	   	   0.28	   91.32	  
62-­‐01(1)_10	   UOB	   40.91	   	   8.85	   0.15	   49.84	   	   0.29	   91.14	  
62-­‐01(2)_16	   UOB	   41.46	   	   7.24	   0.12	   50.94	   	   0.22	   92.63	  
62-­‐01(2)_10	   UOB	   41.39	   	   7.17	   0.13	   51.08	   	   0.24	   92.72	  
62-­‐01(2)_7	   UOB	   41.38	   	   7.18	   0.11	   51.09	   	   0.25	   92.72	  
62-­‐01(2)_2	   UOB	   41.37	   	   7.22	   0.13	   51.02	   	   0.26	   92.67	  
62-­‐01(2)_4	   UOB	   41.36	   	   7.25	   0.12	   50.97	   	   0.26	   92.61	  
62-­‐01(2)_3	   UOB	   41.34	   	   7.25	   0.14	   50.99	   	   0.26	   92.61	  
62-­‐01(2)_15	   UOB	   41.37	   	   7.24	   0.10	   51.03	   0.04	   0.27	   92.67	  
62-­‐01(2)_11	   UOB	   41.41	   	   7.19	   0.11	   51.00	   0.04	   0.28	   92.70	  
62-­‐01(2)_13	   UOB	   41.25	   	   7.39	   0.13	   50.94	   0.03	   0.29	   92.50	  
62-­‐01(2)_5	   UOB	   41.33	   	   7.34	   0.11	   50.95	   0.04	   0.29	   92.59	  
62-­‐02(4)_18	   UOB	   41.42	   	   8.35	   0.15	   49.88	   0.02	   0.19	   91.43	  
62-­‐02(4)_13	   UOB	   41.32	   	   8.35	   0.14	   50.00	   	   0.20	   91.45	  
62-­‐02(4)_15	   UOB	   41.25	   	   8.54	   0.15	   49.92	   	   0.20	   91.30	  
62-­‐02(4)_8	   UOB	   41.36	   	   8.33	   0.15	   49.99	   	   0.20	   91.49	  
62-­‐02(4)_20	   UOB	   41.25	   	   8.47	   0.15	   49.90	   0.02	   0.21	   91.31	  
62-­‐02(4)_19	   UOB	   41.27	   	   8.60	   0.16	   49.82	   	   0.21	   91.25	  
62-­‐02(4)_17	   UOB	   41.26	   	   8.35	   0.16	   50.00	   	   0.21	   91.47	  
62-­‐02(4)_10	   UOB	   41.13	   	   8.52	   0.14	   50.00	   	   0.22	   91.32	  
63-­‐01(3)-­‐2_19	   UOB	   41.04	   	   8.53	   0.12	   49.98	   	   0.38	   91.33	  
63-­‐01(3)-­‐2_12	   UOB	   41.03	   	   8.57	   0.13	   49.85	   	   0.42	   91.21	  
63-­‐01(3)-­‐2_15	   UOB	   41.09	   	   8.62	   0.13	   49.80	   	   0.42	   91.22	  
63-­‐01(3)-­‐2_20	   UOB	   40.92	   	   8.61	   0.12	   49.98	   	   0.43	   91.45	  
63-­‐01(4)_14	   UOB	   41.61	   	   7.76	   0.11	   50.15	   	   0.39	   92.05	  
63-­‐01(4)_4	   UOB	   41.30	   	   7.80	   0.11	   50.42	   0.02	   0.39	   92.07	  
63-­‐01(4)_20	   UOB	   41.31	   	   7.65	   0.12	   50.53	   	   0.42	   92.21	  
63-­‐01(4)_13	   UOB	   41.30	   	   7.61	   0.09	   50.60	   	   0.42	   92.25	  
63-­‐01(4)_2	   UOB	   41.42	   	   7.56	   0.12	   50.46	   0.04	   0.42	   92.27	  
63-­‐01(4)_8	   UOB	   41.31	   	   7.67	   0.11	   50.48	   	   0.43	   92.17	  
ol1_A2_2_1	   UOB	   41.36	   	   8.35	   0.13	   50.02	   0.02	   0.15	   91.48	  
ol1_A2_15_1	   UOB	   41.49	   	   8.29	   0.11	   49.92	   	   0.16	   91.46	  
ol1_A2_14_1	   UOB	   41.49	   	   8.55	   0.12	   49.69	   0.03	   0.18	   91.26	  
ol1_A2_9_1	   UOB	   41.48	   	   8.37	   0.13	   49.69	   	   0.33	   91.39	  
ol1_A2_5_1	   UOB	   41.48	   	   8.39	   0.12	   49.62	   	   0.41	   91.37	  
ol1_A2_4_1	   UOB	   41.64	   	   8.31	   0.12	   49.53	   0.02	   0.41	   91.43	  
ol1_A2_10_1	   UOB	   41.60	   	   8.54	   0.11	   49.35	   	   0.41	   91.18	  
ol1_A2_13_1	   UOB	   41.54	   	   8.49	   0.12	   49.43	   	   0.43	   91.23	  
ol1_A2_3_1	   UOB	   41.33	   	   8.20	   0.11	   49.91	   0.02	   0.43	   91.56	  
ol1_A2_1_1	   UOB	   41.58	   	   8.44	   0.13	   49.39	   0.05	   0.44	   91.28	  
ol1_A3_1_1	   UOB	   41.50	   	   8.51	   0.14	   49.53	   0.03	   0.32	   91.23	  
ol1_A3_10_1	   UOB	   41.27	   0.03	   8.72	   0.13	   49.33	   0.18	   0.34	   90.99	  
ol1_A3_15_1	   UOB	   41.60	   	   8.47	   0.14	   49.43	   0.02	   0.35	   91.25	  
ol1_A3_12_1	   UOB	   41.67	   	   8.36	   0.12	   49.42	   0.03	   0.36	   91.31	  
ol1_A3_13_1	   UOB	   41.40	   	   8.56	   0.12	   49.58	   0.02	   0.36	   91.21	  
ol1_A3_14_1	   UOB	   41.33	   	   8.50	   0.13	   49.69	   0.02	   0.37	   91.28	  
ol1_A3_11_1	   UOB	   41.41	   	   8.37	   0.14	   49.68	   0.02	   0.38	   91.36	  
ol1_A3_8_1	   UOB	   41.37	   	   8.41	   0.14	   49.56	   	   0.51	   91.31	  
ol1_A3_9_1	   UOB	   41.38	   	   8.37	   0.13	   49.59	   0.02	   0.52	   91.37	  
ol1_A3_7_1	   UOB	   41.37	   	   8.46	   0.13	   49.50	   	   0.59	   91.30	  
ol1_A5_3_1	   UOB	   41.52	   	   8.46	   0.13	   49.65	   	   0.22	   91.27	  
ol1_A5_9_1	   UOB	   41.53	   	   8.36	   0.12	   49.74	   	   0.23	   91.39	  
ol1_A5_4_1	   UOB	   41.42	   	   8.30	   0.12	   49.91	   0.03	   0.23	   91.47	  
ol1_A5_8_1	   UOB	   41.34	   	   8.60	   0.13	   49.70	   	   0.25	   91.18	  
ol1_A5_15_1	   UOB	   41.40	   	   8.23	   0.12	   49.72	   0.03	   0.49	   91.51	  
ol1_A5_11_1	   UOB	   41.50	   	   8.58	   0.14	   49.34	   0.02	   0.49	   91.19	  
ol1_A5_14_1	   UOB	   41.15	   	   8.58	   0.14	   49.66	   0.03	   0.50	   91.22	  
ol1_A5_10_1	   UOB	   41.21	   	   9.21	   0.14	   48.91	   0.04	   0.50	   90.46	  
ol1_A5_12_1	   UOB	   41.31	   	   8.38	   0.13	   49.65	   0.02	   0.51	   91.36	  
ol1_A5_13_1	   UOB	   41.27	   	   8.75	   0.13	   49.31	   0.03	   0.52	   90.96	  
67-­‐02A(6)_13	   UOB	   41.39	   	   8.15	   0.14	   49.95	   0.03	   0.40	   91.67	  
67-­‐02A(6)_16	   UOB	   41.22	   	   8.23	   0.13	   49.96	   0.03	   0.41	   91.54	  
67-­‐02A(6)_15	   UOB	   41.34	   	   8.17	   0.14	   49.93	   	   0.41	   91.62	  
67-­‐02A(6)_14	   UOB	   41.19	   	   8.17	   0.13	   50.14	   	   0.42	   91.67	  
67-­‐02A(6)_18	   UOB	   41.32	   	   8.14	   0.13	   49.93	   	   0.44	   91.61	  
67-­‐02A(6)_17	   UOB	   41.07	   	   8.08	   0.15	   50.25	   	   0.45	   91.74	  
ol1_B1_12_1	   UOB	   41.43	   	   8.40	   0.11	   49.86	   	   0.22	   91.40	  
ol1_B1_11_1	   UOB	   41.61	   	   8.19	   0.13	   49.81	   0.03	   0.23	   91.55	  
ol1_B1_13_1	   UOB	   41.36	   	   8.47	   0.12	   49.85	   	   0.23	   91.34	  
ol1_B1_10_1	   UOB	   41.50	   	   8.37	   0.12	   49.80	   	   0.24	   91.43	  
ol1_B1_4_1	   UOB	   41.54	   	   8.44	   0.13	   49.49	   	   0.41	   91.31	  
ol1_B1_5_1	   UOB	   41.29	   	   8.48	   0.13	   49.63	   0.02	   0.43	   91.25	  
ol1_B1_9_1	   UOB	   41.33	   	   8.33	   0.13	   49.75	   0.02	   0.44	   91.41	  
ol1_B1_6_1	   UOB	   41.53	   	   8.47	   0.13	   49.44	   0.03	   0.44	   91.26	  
ol1_B2_9_1	   UOB	   41.89	   	   6.29	   0.12	   51.39	   0.03	   0.30	   93.59	  
ol1_B2_6_1	   UOB	   41.97	   	   6.28	   0.09	   51.26	   0.03	   0.37	   93.57	  
ol1_B2_8_1	   UOB	   41.86	   	   6.31	   0.11	   51.31	   	   0.39	   93.55	  
ol1_B2_7_1	   UOB	   41.90	   	   6.19	   0.08	   51.41	   	   0.40	   93.67	  
ol1_B2_10_1	   UOB	   41.89	   	   6.29	   0.09	   51.31	   0.03	   0.44	   93.61	  
ol1_B3_10_1	   UOB	   41.57	   	   8.55	   0.13	   49.51	   	   0.26	   91.20	  
ol1_B3_14_1	   UOB	   41.55	   	   8.40	   0.11	   49.68	   0.03	   0.28	   91.37	  
ol1_B3_11_1	   UOB	   41.67	   	   8.42	   0.12	   49.50	   	   0.28	   91.30	  
ol1_B3_13_1	   UOB	   41.57	   	   8.35	   0.13	   49.65	   	   0.28	   91.38	  
ol1_B3_15_1	   UOB	   41.50	   	   8.34	   0.12	   49.75	   	   0.28	   91.41	  
ol1_B3_12_1	   UOB	   41.70	   	   8.45	   0.12	   49.43	   	   0.30	   91.26	  
ol1_B3_3_1	   UOB	   41.47	   	   8.37	   0.12	   49.68	   	   0.39	   91.43	  
ol1_B3_9_1	   UOB	   41.50	   	   8.41	   0.12	   49.58	   	   0.42	   91.36	  
ol1_B3_5_1	   UOB	   41.30	   	   8.64	   0.14	   49.52	   0.02	   0.42	   91.13	  
ol1_B3_6_1	   UOB	   41.24	   	   8.63	   0.14	   49.55	   0.03	   0.43	   91.13	  
ol1_B5_5_1	   UOB	   41.49	   	   8.36	   0.12	   49.63	   0.03	   0.36	   91.38	  
opx2_B5_6_1	   UOB	   40.57	   	   10.77	   0.17	   48.14	   0.08	   0.37	   88.84	  
ol1_B5_8_1	   UOB	   41.58	   	   8.21	   0.12	   49.69	   	   0.40	   91.52	  
opx2_B5_5_1	   UOB	   40.83	   0.03	   10.23	   0.19	   48.32	   0.10	   0.40	   89.46	  
ol1_B5_4_1	   UOB	   41.22	   	   8.81	   0.14	   49.38	   0.04	   0.42	   90.92	  
ol1_B5_9_1	   UOB	   40.88	   	   10.18	   0.15	   48.35	   0.04	   0.44	   89.49	  
ol1_B5_10_1	   UOB	   41.11	   	   9.73	   0.16	   48.52	   0.05	   0.44	   89.90	  
ol1_B5_1_1	   UOB	   40.79	   0.03	   11.41	   0.19	   47.09	   0.07	   0.48	   88.09	  
ol1_B6_1_1	   UOB	   40.36	   0.04	   13.38	   0.23	   45.51	   0.10	   0.40	   85.86	  
67-­‐02B(7)-­‐2_17	   UOB	   41.14	   	   8.30	   0.12	   50.07	   	   0.35	   91.50	  
67-­‐02B(7)-­‐2_16	   UOB	   40.99	   	   8.44	   0.13	   50.12	   	   0.41	   91.57	  
67-­‐02B(7)-­‐2_3	   UOB	   40.96	   	   8.43	   0.11	   50.08	   	   0.42	   91.58	  
67-­‐02B(7)-­‐2_15	   UOB	   41.05	   	   8.14	   0.12	   50.28	   	   0.42	   91.75	  
67-­‐02B(7)-­‐2_12	   UOB	   40.88	   	   8.43	   0.13	   50.18	   	   0.42	   91.82	  
ol1_D4_15_1	   UOB	   41.41	   	   8.43	   0.13	   49.57	   0.02	   0.37	   91.25	  
ol1_D4_2_1	   UOB	   41.50	   	   8.35	   0.13	   49.66	   	   0.38	   91.41	  
ol1_D4_14_1	   UOB	   41.38	   	   8.46	   0.14	   49.60	   0.02	   0.39	   91.26	  
ol1_D4_11_1	   UOB	   41.31	   	   8.56	   0.13	   49.62	   0.03	   0.39	   91.21	  
ol1_D4_8_1	   UOB	   41.47	   	   8.65	   0.13	   49.36	   	   0.40	   91.08	  
ol1_D4_12_1	   UOB	   41.33	   	   8.56	   0.14	   49.57	   	   0.42	   91.19	  
ol1_D4_1_1	   UOB	   41.56	   	   8.65	   0.12	   49.25	   	   0.43	   91.06	  
ol1_D4_3_1	   UOB	   41.27	   	   8.69	   0.14	   49.50	   	   0.43	   91.06	  
ol1_D4_10_1	   UOB	   41.44	   	   8.62	   0.14	   49.38	   	   0.44	   91.11	  
opx2_D4_1_1	   UOB	   41.46	   	   8.62	   0.13	   49.37	   0.03	   0.44	   91.13	  
ol1_D4_13_1	   UOB	   41.34	   	   8.59	   0.14	   49.47	   	   0.47	   91.16	  
67-­‐02D(5)-­‐1_1	   UOB	   41.28	   	   8.37	   0.11	   49.87	   0.02	   0.37	   91.42	  
67-­‐02D(5)-­‐1_4	   UOB	   41.00	   	   8.55	   0.12	   49.97	   	   0.39	   91.33	  
67-­‐02D(5)-­‐1_7	   UOB	   41.49	   	   8.30	   0.11	   49.72	   	   0.40	   91.47	  
67-­‐02D(5)-­‐1_14	   UOB	   41.16	   0.05	   8.39	   0.14	   49.74	   0.12	   0.45	   91.40	  
67-­‐02D(5)-­‐1_13	   UOB	   41.12	   	   8.49	   0.12	   49.81	   	   0.46	   91.29	  
67-­‐02D(6)_3	   UOB	   41.57	   	   6.39	   0.09	   51.51	   0.03	   0.41	   93.49	  
67-­‐02D(6)_8	   UOB	   41.67	   	   6.50	   0.09	   51.35	   	   0.41	   93.40	  
67-­‐02D(6)_6	   UOB	   41.69	   	   6.41	   0.09	   51.39	   	   0.42	   93.48	  
67-­‐02D(6)_4	   UOB	   41.66	   	   6.44	   0.09	   51.39	   0.03	   0.42	   93.47	  
67-­‐02D(6)_12	   UOB	   41.61	   	   6.32	   0.11	   51.49	   	   0.46	   93.58	  
67-­‐02D(7)_19	   UOB	   41.16	   	   7.72	   0.10	   50.66	   	   0.38	   92.19	  
67-­‐02D(7)_18	   UOB	   41.06	   	   7.90	   0.12	   50.56	   	   0.39	   92.19	  
67-­‐02D(7)_13	   UOB	   40.76	   	   8.11	   0.13	   50.62	   	   0.41	   92.66	  
67-­‐02D(7)_5	   UOB	   40.81	   	   8.03	   0.12	   50.67	   	   0.43	   92.68	  
ol1_E1_8_1	   UOB	   41.35	   	   9.18	   0.14	   48.96	   	   0.37	   90.49	  
ol1_E1_4_1	   UOB	   41.25	   	   9.15	   0.14	   49.10	   	   0.38	   90.57	  
ol1_E1_7_1	   UOB	   41.26	   	   9.03	   0.15	   49.20	   	   0.40	   90.73	  
ol1_E1_14_1	   UOB	   41.06	   	   9.27	   0.13	   49.16	   	   0.41	   90.47	  
ol1_E1_15_1	   UOB	   41.21	   	   9.17	   0.14	   49.09	   0.02	   0.42	   90.56	  
ol1_E1_1_1	   UOB	   41.13	   	   9.06	   0.14	   49.31	   	   0.43	   90.74	  
ol1_E1_12_1	   UOB	   41.26	   	   9.15	   0.15	   49.01	   0.03	   0.44	   90.55	  
ol1_E1_9_1	   UOB	   41.38	   	   8.97	   0.15	   49.07	   	   0.44	   90.72	  
ol1_E1_2_1	   UOB	   41.25	   	   9.19	   0.13	   49.01	   	   0.46	   90.55	  
ol1_E1_11_1	   UOB	   41.29	   	   9.29	   0.12	   48.83	   0.03	   0.48	   90.40	  
67-­‐02E(2)_11	   UOB	   40.76	   	   8.27	   0.11	   50.51	   	   0.37	   92.48	  
67-­‐02E(2)_10	   UOB	   40.92	   	   8.60	   0.13	   50.04	   	   0.38	   91.51	  
67-­‐02E(2)_3	   UOB	   41.00	   	   8.35	   0.12	   50.13	   	   0.38	   91.57	  
67-­‐02E(2)_16	   UOB	   40.92	   	   8.45	   0.13	   50.16	   	   0.40	   91.74	  
67-­‐02E(3)_18	   UOB	   41.06	   0.02	   9.58	   0.13	   48.94	   	   0.37	   90.20	  
67-­‐02E(3)_11	   UOB	   40.90	   	   9.45	   0.14	   49.18	   	   0.38	   90.34	  
67-­‐02E(3)_13	   UOB	   40.96	   	   9.53	   0.13	   49.03	   	   0.38	   90.21	  
67-­‐02E(3)_2	   UOB	   41.00	   	   9.26	   0.13	   49.21	   	   0.43	   90.50	  
67-­‐02E(3)_6	   UOB	   40.97	   	   9.56	   0.14	   48.96	   	   0.43	   90.22	  
67-­‐02E(5)_7	   UOB	   40.84	   	   8.62	   0.13	   50.03	   	   0.43	   91.61	  
67-­‐02E(5)_13	   UOB	   40.88	   	   8.50	   0.12	   50.07	   	   0.44	   91.67	  
67-­‐02E(5)_2	   UOB	   40.90	   	   8.37	   0.14	   50.16	   	   0.45	   91.80	  
67-­‐02E(6)_3	   UOB	   41.21	   	   7.91	   0.12	   50.38	   	   0.40	   91.96	  
67-­‐02E(6)_14	   UOB	   40.96	   	   7.98	   0.12	   50.55	   	   0.41	   92.27	  
67-­‐02E(6)_13	   UOB	   41.05	   	   8.00	   0.11	   50.44	   	   0.44	   92.04	  
67-­‐02E(6)_12	   UOB	   41.06	   	   7.97	   0.13	   50.39	   	   0.44	   91.95	  
67-­‐02E(6)_9	   UOB	   41.38	   	   7.75	   0.12	   50.28	   0.02	   0.46	   92.06	  
ol1_A2_8_1	   UOB	   41.56	   	   8.48	   0.13	   49.53	   	   0.34	   91.29	  
ol1_A2_12_1	   UOB	   41.41	   	   8.45	   0.11	   49.63	   	   0.42	   91.31	  
ol1_A2_11_1	   UOB	   41.37	   	   8.44	   0.14	   49.67	   0.02	   0.43	   91.37	  
ol1_A2_7_1	   UOB	   41.49	   	   8.31	   0.13	   49.63	   0.02	   0.46	   91.45	  
ol1_A2_6_1	   UOB	   41.38	   	   8.57	   0.13	   49.52	   	   0.46	   91.22	  
ol1_A3_3_1	   UOB	   41.51	   	   8.39	   0.12	   49.45	   	   0.52	   91.32	  
ol1_A3_4_1	   UOB	   41.09	   0.04	   9.24	   0.15	   48.92	   0.09	   0.55	   90.49	  
ol1_A3_5_1	   UOB	   41.20	   0.05	   9.00	   0.17	   48.88	   0.19	   0.55	   90.67	  
ol1_A3_2_1	   UOB	   41.55	   0.03	   8.65	   0.14	   49.05	   0.04	   0.55	   91.01	  
ol1_A3_6_1	   UOB	   41.13	   0.02	   8.82	   0.13	   49.32	   0.04	   0.56	   90.91	  
ol1_A5_2_1	   UOB	   41.60	   	   8.63	   0.14	   49.40	   	   0.21	   91.07	  
ol1_A5_7_1	   UOB	   41.46	   	   8.51	   0.12	   49.69	   	   0.21	   91.24	  
ol1_A5_6_1	   UOB	   41.73	   	   8.59	   0.12	   49.31	   0.04	   0.22	   91.11	  
ol1_A5_5_1	   UOB	   41.55	   	   8.35	   0.11	   49.69	   0.04	   0.24	   91.36	  
ol1_A5_1_1	   UOB	   41.29	   	   8.50	   0.12	   49.58	   0.03	   0.52	   91.25	  
ol1_B1_2_1	   UOB	   41.64	   	   8.37	   0.13	   49.59	   0.03	   0.22	   91.36	  
ol1_B1_1_1	   UOB	   41.69	   	   8.34	   0.14	   49.55	   0.03	   0.25	   91.36	  
ol1_B1_3_1	   UOB	   41.52	   	   8.32	   0.13	   49.60	   	   0.42	   91.41	  
ol1_B1_8_1	   UOB	   41.50	   	   8.49	   0.13	   49.49	   0.02	   0.43	   91.27	  
ol1_B1_7_1	   UOB	   41.44	   	   8.36	   0.15	   49.61	   0.03	   0.45	   91.40	  
ol1_B2_5_1	   UOB	   42.22	   	   6.05	   0.10	   51.24	   0.03	   0.37	   93.79	  
ol1_B2_3_1	   UOB	   42.18	   	   6.27	   0.10	   51.05	   	   0.40	   93.56	  
opx2_B2_9_1	   UOB	   41.45	   	   6.22	   0.10	   51.82	   	   0.43	   93.59	  
ol1_B2_4_1	   UOB	   41.94	   	   6.36	   0.10	   51.14	   	   0.43	   93.48	  
opx2_B2_7_1	   UOB	   41.63	   	   6.28	   0.11	   51.52	   	   0.43	   93.61	  
opx2_B2_6_1	   UOB	   41.63	   	   6.24	   0.10	   51.63	   	   0.44	   93.74	  
opx2_B2_8_1	   UOB	   41.66	   	   6.58	   0.10	   51.23	   0.04	   0.45	   93.70	  
ol1_B2_1_1	   UOB	   42.02	   	   6.03	   0.10	   51.40	   0.02	   0.45	   93.85	  
opx2_B2_1_1	   UOB	   41.72	   	   6.29	   0.10	   51.47	   	   0.45	   94.40	  
ol1_B2_2_1	   UOB	   41.88	   	   6.25	   0.10	   51.30	   	   0.45	   93.60	  
ol1_B3_1_1	   UOB	   41.39	   	   8.58	   0.13	   49.59	   	   0.29	   91.15	  
ol1_B3_4_1	   UOB	   41.59	   	   8.45	   0.13	   49.42	   0.02	   0.39	   91.26	  
ol1_B3_7_1	   UOB	   41.30	   	   8.42	   0.13	   49.76	   	   0.40	   91.37	  
ol1_B3_8_1	   UOB	   41.51	   	   8.53	   0.13	   49.38	   0.03	   0.42	   91.17	  
ol1_B3_2_1	   UOB	   41.37	   	   8.43	   0.14	   49.62	   	   0.44	   91.31	  
ol1_B5_7_1	   UOB	   41.23	   0.02	   10.67	   0.15	   47.58	   0.06	   0.35	   88.89	  
opx2_B5_2_1	   UOB	   40.97	   0.03	   9.97	   0.15	   48.49	   0.10	   0.37	   89.73	  
ol1_B5_3_1	   UOB	   41.40	   	   9.59	   0.15	   48.46	   0.03	   0.37	   90.02	  
ol1_B5_2_1	   UOB	   41.22	   	   10.26	   0.16	   47.94	   0.03	   0.41	   89.30	  
ol1_B5_6_1	   UOB	   40.88	   	   10.54	   0.16	   47.98	   0.06	   0.42	   89.07	  
ol1_B5_11_1	   UOB	   41.34	   	   8.69	   0.13	   49.42	   0.02	   0.43	   91.06	  
ol1_D4_7_1	   UOB	   41.63	   	   8.67	   0.13	   49.32	   	   0.27	   91.06	  
ol1_D4_4_1	   UOB	   41.41	   	   8.53	   0.13	   49.66	   0.03	   0.27	   91.24	  
ol1_D4_6_1	   UOB	   41.52	   	   8.60	   0.13	   49.43	   0.04	   0.28	   91.11	  
ol1_D4_5_1	   UOB	   41.42	   	   8.62	   0.14	   49.54	   	   0.28	   91.13	  
opx2_D4_6_1	   UOB	   41.34	   	   8.78	   0.13	   49.44	   	   0.36	   91.00	  
opx2_D4_3_1	   UOB	   41.19	   	   8.68	   0.13	   49.65	   	   0.42	   91.14	  
ol1_D4_9_1	   UOB	   41.33	   	   8.60	   0.14	   49.46	   0.02	   0.47	   91.14	  
ol1_E1_10_1	   UOB	   41.30	   	   9.05	   0.13	   49.11	   	   0.40	   90.63	  
ol1_E1_5_1	   UOB	   41.40	   	   9.13	   0.13	   48.92	   0.03	   0.43	   90.57	  
ol1_E1_13_1	   UOB	   41.31	   	   8.96	   0.14	   49.13	   0.03	   0.43	   90.72	  
ol1_E1_6_1	   UOB	   41.34	   	   9.13	   0.12	   49.00	   	   0.43	   90.57	  
ol1_E1_3_1	   UOB	   41.34	   	   9.02	   0.14	   49.10	   	   0.45	   90.70	  
 
Table C.2. Representative Orthopyroxene Analyses 
 
Analysis	  #	   Institution	   SiO2	   Cr2O3	   Al2O3	   FeO	   MnO	   MgO	   CaO	   Mg#	  
62-­‐02(2)_20	   ANU	   54.60	   0.22	   2.60	   12.47	   0.25	   29.40	   0.54	   81.53	  
62-­‐02(2)_16	   ANU	   54.94	   0.17	   2.02	   11.39	   0.26	   30.84	   0.60	   85.04	  
62-­‐02(2)_7	   ANU	   55.23	   0.18	   1.95	   11.34	   0.25	   30.71	   0.60	   84.19	  
62-­‐02(2)_5	   ANU	   54.91	   0.17	   2.15	   11.43	   0.28	   30.60	   0.72	   84.67	  
62-­‐02(2)_9	   ANU	   55.20	   0.16	   2.04	   11.00	   0.24	   30.86	   0.73	   84.84	  
62-­‐02(2)_10	   ANU	   55.20	   0.15	   2.02	   10.80	   0.23	   31.00	   0.76	   85.24	  
62-­‐02(2)_17	   ANU	   55.36	   0.14	   2.01	   10.61	   0.26	   30.79	   1.05	   85.02	  
63-­‐01(1)_4	   ANU	   56.99	   0.47	   1.06	   5.94	   0.13	   35.24	   0.35	   92.95	  
63-­‐01(1)_9	   ANU	   57.04	   0.64	   1.00	   5.77	   0.17	   35.16	   0.35	   92.78	  
63-­‐01(1)_27	   ANU	   56.73	   0.58	   1.72	   5.33	   0.11	   35.11	   0.42	   93.17	  
63-­‐01(1)_13	   ANU	   57.24	   0.45	   1.16	   5.62	   0.12	   35.03	   0.44	   92.18	  
63-­‐01(1)_35	   ANU	   56.88	   0.50	   1.56	   5.40	   0.13	   34.96	   0.59	   92.84	  
63-­‐01(1)_33	   ANU	   56.86	   0.50	   1.50	   5.42	   0.14	   34.84	   0.72	   92.83	  
63-­‐01(1)_29	   ANU	   56.82	   0.50	   1.66	   5.36	   0.15	   34.63	   0.91	   92.73	  
63-­‐01(1)_34	   ANU	   56.74	   0.53	   1.65	   5.34	   0.11	   34.70	   0.93	   93.04	  
63-­‐01(2)_18	   ANU	   56.66	   0.46	   1.37	   5.50	   0.15	   34.93	   0.96	   93.81	  
63-­‐01(3)-­‐2_10	   UOB	   58.28	   	   0.31	   5.83	   0.09	   35.36	   0.17	   91.61	  
63-­‐01(3)-­‐2_9	   UOB	   57.46	   0.24	   0.89	   5.84	   0.14	   35.13	   0.33	   91.92	  
63-­‐01(3)-­‐2_11	   UOB	   57.08	   0.52	   1.42	   5.61	   0.16	   34.69	   0.57	   91.81	  
63-­‐01(3)-­‐2_6	   UOB	   58.27	   	   0.53	   4.71	   0.08	   35.65	   0.77	   93.13	  
63-­‐01(3)-­‐2_1	   UOB	   58.23	   0.04	   0.44	   5.01	   0.08	   35.18	   1.03	   92.64	  
63-­‐01(3)-­‐2_3	   UOB	   58.06	   0.22	   0.49	   4.88	   0.10	   35.17	   1.07	   92.80	  
63-­‐01(4)_17	   UOB	   58.14	   0.15	   0.58	   5.25	   0.13	   35.44	   0.33	   92.37	  
63-­‐01(4)_19	   UOB	   57.78	   0.32	   0.87	   5.14	   0.14	   35.20	   0.54	   92.45	  
63-­‐01(4)_1	   UOB	   58.05	   0.35	   0.73	   5.06	   0.13	   35.12	   0.58	   92.55	  
63-­‐01(4)_11	   UOB	   58.01	   0.35	   0.74	   5.03	   0.12	   35.18	   0.61	   92.62	  
63-­‐01(4)_6	   UOB	   57.84	   0.34	   0.96	   5.07	   0.14	   34.79	   0.88	   92.49	  
65-­‐01B_3	   ANU	   55.69	   0.27	   1.38	   10.74	   0.25	   31.40	   0.33	   84.94	  
65-­‐01B_19	   ANU	   55.66	   0.31	   1.03	   10.41	   0.29	   31.73	   0.51	   86.27	  
65-­‐01B_8	   ANU	   55.48	   0.31	   1.51	   10.54	   0.22	   31.41	   0.58	   85.67	  
65-­‐01B_18	   ANU	   55.72	   0.29	   1.00	   10.34	   0.24	   31.80	   0.61	   86.48	  
65-­‐01B_16	   ANU	   55.44	   0.40	   1.45	   10.29	   0.27	   31.56	   0.63	   86.32	  
65-­‐01B_2	   ANU	   55.43	   0.32	   1.71	   10.54	   0.22	   31.12	   0.67	   85.34	  
65-­‐01B_14	   ANU	   55.26	   0.31	   1.72	   10.53	   0.23	   31.28	   0.70	   85.84	  
65-­‐01B_11	   ANU	   55.58	   0.28	   1.31	   10.65	   0.25	   31.17	   0.72	   85.18	  
65-­‐01B_7	   ANU	   55.23	   0.31	   1.55	   10.65	   0.26	   31.27	   0.73	   86.01	  
65-­‐01B_1	   ANU	   55.11	   0.31	   1.74	   10.68	   0.22	   31.15	   0.73	   85.94	  
65-­‐01B_6	   ANU	   55.23	   0.32	   1.64	   10.59	   0.23	   31.23	   0.78	   85.92	  
65-­‐01B_4	   ANU	   55.27	   0.29	   1.55	   10.65	   0.22	   31.27	   0.79	   86.01	  
65-­‐01B_20	   ANU	   55.66	   0.29	   1.01	   10.79	   0.26	   31.08	   0.79	   84.91	  
65-­‐01B_13	   ANU	   55.22	   0.29	   1.58	   10.65	   0.24	   31.27	   0.82	   86.19	  
65-­‐01B_5	   ANU	   55.33	   0.29	   1.56	   10.34	   0.27	   31.04	   1.18	   85.99	  
67-­‐02A(1)-­‐2_13	   ANU	   56.91	   0.18	   0.62	   6.95	   0.17	   34.84	   0.25	   91.96	  
opx2_A1_9_1	   UOB	   56.42	   0.49	   1.58	   7.30	   0.19	   33.65	   0.33	   89.84	  
67-­‐02A(1)-­‐1_9	   ANU	   56.49	   0.41	   1.48	   7.39	   0.17	   33.67	   0.38	   89.76	  
67-­‐02A(1)-­‐1_8	   ANU	   56.20	   0.44	   1.37	   7.62	   0.17	   33.87	   0.38	   90.85	  
67-­‐02A(1)-­‐2_19	   ANU	   56.40	   0.41	   1.00	   7.04	   0.18	   34.53	   0.38	   92.19	  
opx1_A1_6_1	   UOB	   56.79	   0.42	   0.96	   7.38	   0.18	   33.92	   0.39	   89.93	  
opx1_A1_3_1	   UOB	   56.44	   0.45	   1.42	   7.65	   0.19	   33.47	   0.40	   89.31	  
67-­‐02A(1)-­‐1_6	   ANU	   56.36	   0.45	   1.30	   7.30	   0.19	   34.08	   0.41	   91.16	  
opx2_A1_8_1	   UOB	   56.72	   0.37	   1.06	   7.62	   0.19	   33.61	   0.42	   89.27	  
opx1_A1_8_1	   UOB	   56.42	   0.44	   1.29	   7.78	   0.20	   33.49	   0.43	   89.50	  
opx2_A1_5_1	   UOB	   57.00	   0.39	   1.12	   7.51	   0.20	   33.34	   0.43	   88.79	  
opx2_A1_4_1	   UOB	   57.12	   0.42	   0.84	   7.21	   0.19	   33.75	   0.45	   89.32	  
opx2_A1_2_1	   UOB	   56.53	   0.46	   1.47	   7.60	   0.19	   33.28	   0.46	   88.77	  
67-­‐02A(1)-­‐1_17	   ANU	   56.87	   0.44	   0.84	   6.96	   0.17	   34.26	   0.47	   90.89	  
67-­‐02A(1)-­‐2_20	   ANU	   56.37	   0.32	   0.97	   7.09	   0.19	   34.49	   0.46	   92.33	  
opx1_A1_7_1	   UOB	   57.03	   0.34	   0.87	   7.41	   0.19	   33.70	   0.48	   89.14	  
67-­‐02A(1)-­‐2_17	   ANU	   56.59	   0.33	   0.90	   7.04	   0.16	   34.41	   0.48	   91.74	  
67-­‐02A(1)-­‐2_16	   ANU	   56.31	   0.36	   0.97	   7.02	   0.18	   34.55	   0.48	   92.64	  
67-­‐02A(1)-­‐1_2	   ANU	   56.63	   0.38	   0.92	   7.21	   0.18	   34.27	   0.50	   91.35	  
67-­‐02A(1)-­‐2_4	   ANU	   56.49	   0.35	   0.91	   6.96	   0.18	   34.64	   0.51	   92.59	  
opx1_A1_4_1	   UOB	   56.62	   0.46	   1.38	   7.68	   0.19	   33.16	   0.52	   88.53	  
67-­‐02A(1)-­‐2_21	   ANU	   56.10	   0.34	   0.97	   7.06	   0.15	   34.68	   0.51	   93.36	  
67-­‐02A(1)-­‐2_8	   ANU	   56.36	   0.41	   0.86	   7.19	   0.14	   34.50	   0.53	   92.46	  
67-­‐02A(1)-­‐1_1	   ANU	   56.54	   0.42	   0.96	   7.12	   0.18	   34.29	   0.54	   91.63	  
opx1_A1_1_1	   UOB	   56.99	   0.37	   0.85	   7.40	   0.19	   33.69	   0.54	   89.26	  
67-­‐02A(1)-­‐1_16	   ANU	   56.64	   0.44	   0.92	   7.03	   0.18	   34.26	   0.54	   91.39	  
opx1_A1_9_1	   UOB	   56.47	   0.43	   1.52	   7.56	   0.19	   33.30	   0.54	   89.13	  
67-­‐02A(1)-­‐2_1	   ANU	   56.43	   0.37	   1.00	   6.97	   0.16	   34.48	   0.54	   92.41	  
opx1_A1_5_1	   UOB	   57.01	   0.41	   0.90	   7.37	   0.20	   33.58	   0.55	   89.09	  
67-­‐02A(1)-­‐2_15	   ANU	   56.21	   0.36	   0.84	   7.08	   0.17	   34.61	   0.54	   93.07	  
opx2_A1_7_1	   UOB	   56.68	   0.39	   1.29	   7.65	   0.20	   33.24	   0.56	   88.68	  
67-­‐02A(1)-­‐1_11	   ANU	   56.60	   0.40	   1.01	   7.01	   0.19	   34.26	   0.56	   91.51	  
opx2_A1_1_1	   UOB	   56.91	   0.43	   0.99	   7.49	   0.19	   33.44	   0.56	   88.87	  
opx2_A1_6_1	   UOB	   56.46	   0.39	   1.34	   7.73	   0.21	   33.31	   0.57	   89.20	  
67-­‐02A(1)-­‐2_18	   ANU	   56.32	   0.41	   1.01	   7.08	   0.17	   34.34	   0.58	   92.16	  
67-­‐02A(1)-­‐2_7	   ANU	   56.34	   0.31	   0.81	   7.22	   0.19	   34.46	   0.60	   92.53	  
opx2_A1_3_1	   UOB	   56.74	   0.41	   0.98	   7.36	   0.19	   33.67	   0.62	   89.78	  
67-­‐02A(1)-­‐2_12	   ANU	   56.36	   0.34	   0.91	   7.06	   0.14	   34.51	   0.64	   92.66	  
67-­‐02A(1)-­‐1_10	   ANU	   56.64	   0.39	   1.09	   7.28	   0.17	   33.99	   0.68	   90.85	  
67-­‐02A(1)-­‐1_14	   ANU	   56.32	   0.43	   0.89	   7.13	   0.18	   34.32	   0.69	   92.33	  
opx1_A1_2_1	   UOB	   57.00	   0.32	   0.81	   7.27	   0.21	   33.71	   0.71	   89.68	  
67-­‐02A(1)-­‐1_5	   ANU	   56.35	   0.45	   1.16	   7.03	   0.17	   34.09	   0.75	   91.74	  
67-­‐02A(1)-­‐1_18	   ANU	   56.71	   0.41	   1.00	   7.10	   0.17	   33.80	   0.79	   90.44	  
opx1_A1_10_1	   UOB	   56.90	   0.34	   0.85	   7.32	   0.20	   33.57	   0.83	   89.57	  
opx1_A2_8_1	   UOB	   57.13	   0.36	   1.22	   5.73	   0.14	   35.21	   0.25	   92.49	  
opx1_A2_10_1	   UOB	   57.26	   0.31	   1.19	   5.74	   0.14	   35.14	   0.26	   92.12	  
opx2_A2_2_1	   UOB	   57.63	   0.20	   1.03	   5.46	   0.14	   35.21	   0.32	   92.02	  
opx1_A2_7_1	   UOB	   57.49	   0.16	   0.96	   5.79	   0.14	   35.17	   0.34	   91.97	  
opx1_A2_1_1	   UOB	   56.93	   0.43	   1.57	   5.71	   0.14	   34.87	   0.36	   92.13	  
67-­‐02A(2)-­‐1_9	   ANU	   56.55	   0.38	   1.35	   5.61	   0.12	   35.67	   0.37	   94.96	  
67-­‐02A(2)-­‐2_16	   ANU	   57.29	   0.55	   1.77	   5.25	   0.14	   34.70	   0.37	   92.29	  
opx1_A2_6_1	   UOB	   57.27	   0.37	   1.43	   5.63	   0.15	   34.79	   0.38	   91.72	  
67-­‐02A(2)-­‐2_1	   ANU	   57.36	   0.48	   1.53	   5.37	   0.13	   34.72	   0.41	   92.04	  
opx2_A2_10_1	   UOB	   57.31	   0.31	   1.30	   5.67	   0.15	   34.82	   0.44	   91.64	  
opx2_A2_3_1	   UOB	   57.23	   0.38	   1.46	   5.67	   0.15	   34.71	   0.45	   91.65	  
opx1_A2_4_1	   UOB	   56.97	   0.45	   1.48	   5.75	   0.15	   34.78	   0.45	   92.01	  
opx2_A2_1_1	   UOB	   56.97	   0.52	   1.66	   5.62	   0.14	   34.67	   0.45	   91.75	  
opx2_A2_8_1	   UOB	   57.05	   0.45	   1.41	   5.81	   0.16	   34.69	   0.46	   91.68	  
67-­‐02A(2)-­‐2_10	   ANU	   57.60	   0.27	   1.27	   5.48	   0.15	   34.80	   0.48	   91.93	  
67-­‐02A(2)-­‐2_19	   ANU	   57.32	   0.49	   1.66	   5.24	   0.12	   34.75	   0.48	   92.26	  
opx1_A2_9_1	   UOB	   57.21	   0.29	   1.29	   5.62	   0.15	   34.98	   0.48	   92.22	  
67-­‐02A(2)-­‐1_8	   ANU	   56.49	   0.50	   1.60	   5.49	   0.13	   35.27	   0.47	   94.22	  
67-­‐02A(2)-­‐1_18	   ANU	   56.34	   0.56	   1.69	   5.41	   0.10	   35.35	   0.49	   94.60	  
opx1_A2_2_1	   UOB	   57.09	   0.38	   1.41	   5.82	   0.16	   34.64	   0.52	   91.60	  
opx1_A2_3_1	   UOB	   57.09	   0.47	   1.51	   5.64	   0.14	   34.64	   0.52	   91.68	  
opx2_A2_5_1	   UOB	   56.96	   0.52	   1.67	   5.70	   0.15	   34.47	   0.53	   91.53	  
67-­‐02A(2)-­‐2_12	   ANU	   56.99	   0.55	   1.72	   5.31	   0.14	   34.71	   0.56	   92.10	  
opx1_A2_5_1	   UOB	   56.99	   0.39	   1.44	   5.76	   0.15	   34.74	   0.57	   92.08	  
opx2_A2_6_1	   UOB	   57.27	   0.43	   1.43	   5.57	   0.15	   34.51	   0.66	   91.72	  
opx2_A2_4_1	   UOB	   56.90	   0.55	   1.71	   5.57	   0.15	   34.35	   0.75	   91.71	  
67-­‐02A(2)-­‐2_11	   ANU	   57.82	   0.49	   1.51	   5.17	   0.12	   34.06	   0.80	   92.10	  
67-­‐02A(2)-­‐1_13	   ANU	   56.37	   0.52	   1.59	   5.36	   0.15	   35.14	   0.83	   94.67	  
opx2_A2_9_1	   UOB	   56.98	   0.47	   1.55	   5.51	   0.15	   34.36	   1.02	   91.94	  
opx2_A3_6_1	   UOB	   57.07	   0.46	   1.57	   5.58	   0.14	   34.90	   0.29	   91.91	  
opx1_A3_9_1	   UOB	   57.32	   0.31	   1.22	   5.75	   0.15	   34.91	   0.37	   91.61	  
opx1_A3_7_1	   UOB	   56.94	   0.49	   1.59	   5.68	   0.15	   34.77	   0.42	   91.97	  
opx2_A3_10_1	   UOB	   57.06	   0.48	   1.50	   5.65	   0.14	   34.75	   0.41	   91.77	  
opx2_A3_9_1	   UOB	   57.09	   0.50	   1.53	   5.53	   0.14	   34.72	   0.50	   91.82	  
opx1_A3_8_1	   UOB	   56.88	   0.46	   1.59	   5.73	   0.15	   34.71	   0.50	   92.08	  
opx1_A3_4_1	   UOB	   56.86	   0.50	   1.66	   5.54	   0.14	   34.79	   0.51	   92.44	  
opx1_A3_6_1	   UOB	   56.95	   0.52	   1.64	   5.64	   0.16	   34.60	   0.51	   91.65	  
opx1_A3_3_1	   UOB	   56.89	   0.50	   1.59	   5.63	   0.14	   34.75	   0.52	   92.29	  
opx2_A3_3_1	   UOB	   56.85	   0.53	   1.72	   5.60	   0.15	   34.63	   0.53	   91.93	  
opx1_A3_1_1	   UOB	   56.98	   0.45	   1.66	   5.81	   0.15	   34.42	   0.55	   91.42	  
opx2_A3_7_1	   UOB	   56.90	   0.48	   1.66	   5.61	   0.14	   34.67	   0.56	   91.99	  
opx1_A3_5_1	   UOB	   57.02	   0.48	   1.57	   5.66	   0.15	   34.58	   0.59	   91.65	  
opx2_A3_8_1	   UOB	   56.97	   0.50	   1.61	   5.63	   0.16	   34.53	   0.63	   91.66	  
opx2_A3_1_1	   UOB	   56.95	   0.47	   1.55	   5.73	   0.15	   34.52	   0.63	   91.73	  
opx1_A3_2_1	   UOB	   56.93	   0.49	   1.59	   5.69	   0.15	   34.48	   0.70	   91.69	  
opx2_A3_4_1	   UOB	   57.09	   0.51	   1.61	   5.46	   0.14	   34.25	   0.97	   91.83	  
opx2_A3_5_1	   UOB	   56.84	   0.48	   1.61	   5.50	   0.14	   34.33	   1.13	   92.30	  
opx2_A3_2_1	   UOB	   56.46	   0.58	   1.67	   5.08	   0.13	   33.23	   2.85	   92.99	  
67-­‐02A(5)_4	   ANU	   57.93	   0.21	   0.42	   4.20	   0.09	   36.87	   0.19	   95.47	  
opx1_A5_9_1	   UOB	   57.45	   0.38	   0.93	   5.19	   0.10	   35.66	   0.34	   93.26	  
opx2_A5_8_1	   UOB	   56.89	   0.65	   1.77	   5.68	   0.15	   34.54	   0.35	   91.59	  
opx1_A5_10_1	   UOB	   57.03	   0.42	   1.46	   5.77	   0.15	   34.76	   0.42	   91.87	  
opx1_A5_8_1	   UOB	   56.84	   0.63	   1.71	   5.69	   0.13	   34.54	   0.45	   91.58	  
67-­‐02A(5)_10	   ANU	   57.12	   0.47	   1.65	   5.02	   0.12	   35.07	   0.46	   92.55	  
opx2_A5_6_1	   UOB	   56.70	   0.63	   1.73	   5.63	   0.14	   34.70	   0.47	   92.39	  
67-­‐02A(5)_12	   ANU	   56.82	   0.57	   1.74	   5.12	   0.14	   35.05	   0.49	   93.11	  
opx2_A5_9_1	   UOB	   56.99	   0.53	   1.65	   5.60	   0.14	   34.62	   0.49	   91.72	  
opx2_A5_2_1	   UOB	   56.80	   0.59	   1.70	   5.75	   0.15	   34.50	   0.50	   91.75	  
opx1_A5_1_1	   UOB	   56.77	   0.50	   1.55	   6.24	   0.16	   33.89	   0.89	   90.87	  
opx2_A5_1_1	   UOB	   56.90	   0.40	   0.85	   6.29	   0.16	   34.34	   1.02	   92.03	  
opx2_A5_5_1	   UOB	   56.83	   0.44	   1.49	   5.41	   0.14	   34.22	   1.48	   92.56	  
67-­‐02A(5)_13	   ANU	   56.62	   0.72	   1.67	   5.01	   0.12	   34.10	   1.74	   93.11	  
67-­‐02A(6)_20	   UOB	   58.87	   	   0.39	   3.79	   	   36.83	   0.10	   94.57	  
67-­‐02A(6)_21	   UOB	   58.99	   	   0.53	   3.65	   	   36.65	   0.11	   94.71	  
67-­‐02A(6)_22	   UOB	   58.81	   	   0.33	   3.56	   0.06	   37.13	   0.12	   94.93	  
67-­‐02A(6)_19	   UOB	   58.91	   	   0.42	   3.38	   	   37.12	   0.13	   95.15	  
67-­‐02A(6)_23	   UOB	   58.84	   	   0.51	   4.41	   0.07	   35.77	   0.38	   93.54	  
67-­‐02A(6)_24	   UOB	   58.35	   0.04	   0.37	   5.01	   0.08	   34.97	   1.21	   92.59	  
67-­‐02A(6)_25	   UOB	   58.28	   	   0.28	   5.29	   0.07	   34.85	   1.22	   92.14	  
opx2_B1_5_1	   UOB	   57.92	   0.19	   0.82	   5.58	   0.14	   34.99	   0.39	   91.82	  
67-­‐02B(1)_20	   ANU	   57.12	   0.53	   1.53	   5.15	   0.12	   35.07	   0.38	   92.37	  
opx1_B1_1_1	   UOB	   57.01	   0.46	   1.43	   5.64	   0.15	   34.93	   0.40	   92.30	  
67-­‐02B(1)_14	   ANU	   57.30	   0.46	   1.47	   5.03	   0.14	   35.15	   0.43	   92.55	  
opx1_B1_4_1	   UOB	   57.28	   0.37	   1.30	   5.59	   0.15	   34.91	   0.44	   91.80	  
opx1_B1_3_1	   UOB	   57.27	   0.31	   1.17	   5.67	   0.15	   35.01	   0.44	   92.17	  
opx2_B1_2_1	   UOB	   57.17	   0.56	   1.60	   5.59	   0.16	   34.50	   0.44	   91.69	  
opx2_B1_10_1	   UOB	   57.58	   0.25	   1.17	   5.50	   0.14	   34.94	   0.44	   91.90	  
opx2_B1_6_1	   UOB	   57.33	   0.42	   1.40	   5.52	   0.14	   34.72	   0.47	   91.82	  
opx1_B1_6_1	   UOB	   57.36	   0.26	   1.13	   5.62	   0.14	   35.00	   0.49	   92.09	  
opx1_B1_5_1	   UOB	   56.96	   0.38	   1.35	   5.73	   0.13	   34.97	   0.50	   92.60	  
opx2_B1_4_1	   UOB	   57.13	   0.34	   1.38	   5.77	   0.15	   34.73	   0.52	   91.83	  
opx1_B1_16_1	   UOB	   56.98	   0.35	   1.35	   5.68	   0.15	   35.00	   0.52	   92.73	  
opx2_B1_9_1	   UOB	   57.20	   0.54	   1.59	   5.52	   0.14	   34.48	   0.54	   91.77	  
opx1_B1_7_1	   UOB	   57.22	   0.36	   1.32	   5.59	   0.15	   34.83	   0.57	   91.92	  
opx2_B1_3_1	   UOB	   56.93	   0.43	   1.56	   5.69	   0.15	   34.67	   0.58	   92.06	  
opx1_B1_14_1	   UOB	   56.84	   0.46	   1.52	   5.68	   0.15	   34.73	   0.64	   92.41	  
opx2_B1_8_1	   UOB	   56.97	   0.51	   1.61	   5.63	   0.16	   34.46	   0.69	   91.68	  
opx1_B1_2_1	   UOB	   56.95	   0.43	   1.50	   5.64	   0.15	   34.67	   0.69	   92.16	  
opx2_B1_1_1	   UOB	   57.20	   0.51	   1.49	   5.60	   0.14	   34.29	   0.79	   91.63	  
opx2_B1_7_1	   UOB	   57.04	   0.47	   1.53	   5.40	   0.14	   34.07	   1.36	   91.84	  
67-­‐02B(1)_15	   ANU	   56.75	   0.51	   1.55	   4.95	   0.14	   34.68	   1.44	   93.85	  
67-­‐02B(3)-­‐1_13	   ANU	   58.52	   0.30	   0.41	   5.16	   0.14	   35.39	   0.11	   92.47	  
67-­‐02B(3)-­‐1_17	   ANU	   58.25	   	   0.73	   4.47	   0.12	   36.28	   0.21	   93.62	  
67-­‐02B(3)-­‐1_15	   ANU	   58.05	   0.03	   1.18	   4.76	   0.06	   35.77	   0.21	   93.12	  
67-­‐02B(3)-­‐1_16	   ANU	   57.94	   	   0.81	   4.35	   0.09	   36.60	   0.25	   94.78	  
67-­‐02B(3)-­‐2_10	   ANU	   57.23	   0.71	   1.88	   4.63	   0.09	   35.26	   0.26	   93.22	  
opx2_B3_1_1	   UOB	   57.05	   0.51	   1.64	   5.72	   0.14	   34.64	   0.33	   91.59	  
67-­‐02B(3)-­‐1_14	   ANU	   57.40	   0.55	   1.75	   5.09	   0.10	   34.77	   0.36	   92.48	  
opx2_B3_12_1	   UOB	   56.82	   0.57	   1.67	   5.72	   0.14	   34.75	   0.36	   92.11	  
67-­‐02B(3)-­‐2_16	   ANU	   57.56	   0.48	   1.53	   5.15	   0.12	   34.82	   0.37	   92.36	  
opx1_B3_8_1	   UOB	   57.26	   0.25	   1.22	   5.63	   0.15	   35.14	   0.38	   92.46	  
opx2_B3_9_1	   UOB	   57.07	   0.51	   1.57	   5.66	   0.15	   34.67	   0.40	   91.65	  
67-­‐02B(3)-­‐1_2	   ANU	   56.97	   0.53	   1.64	   5.19	   0.12	   35.20	   0.40	   92.98	  
opx1_B3_7_1	   UOB	   57.12	   0.41	   1.46	   5.58	   0.15	   34.90	   0.42	   92.03	  
opx2_B3_10_1	   UOB	   57.27	   0.42	   1.46	   5.51	   0.14	   34.77	   0.47	   91.88	  
opx1_B3_3_1	   UOB	   56.86	   0.52	   1.61	   5.68	   0.13	   34.77	   0.48	   92.17	  
67-­‐02B(3)-­‐1_5	   ANU	   57.16	   0.50	   1.61	   5.21	   0.12	   34.92	   0.52	   92.32	  
opx1_B3_12_1	   UOB	   57.43	   0.27	   1.20	   5.60	   0.14	   34.87	   0.51	   91.77	  
opx2_B3_4_1	   UOB	   56.95	   0.50	   1.63	   5.72	   0.16	   34.55	   0.52	   91.60	  
opx1_B3_2_1	   UOB	   56.82	   0.51	   1.62	   5.61	   0.14	   34.78	   0.53	   92.37	  
67-­‐02B(3)-­‐1_7	   ANU	   57.33	   0.51	   1.60	   5.06	   0.14	   34.84	   0.56	   92.52	  
opx2_B3_3_1	   UOB	   56.86	   0.55	   1.69	   5.59	   0.14	   34.58	   0.60	   91.89	  
67-­‐02B(3)-­‐1_18	   ANU	   56.99	   0.57	   1.75	   5.20	   0.15	   34.66	   0.63	   92.19	  
opx2_B3_11_1	   UOB	   56.91	   0.50	   1.64	   5.63	   0.14	   34.45	   0.76	   91.75	  
opx1_B3_6_1	   UOB	   56.83	   0.44	   1.67	   5.69	   0.15	   34.39	   0.88	   91.95	  
67-­‐02B(5)_2	   ANU	   56.48	   0.60	   2.06	   5.31	   0.12	   35.13	   0.41	   93.63	  
67-­‐02B(5)_6	   ANU	   56.63	   0.54	   1.81	   5.50	   0.13	   35.04	   0.43	   93.18	  
67-­‐02B(5)_8	   ANU	   56.53	   0.35	   1.55	   5.56	   0.14	   35.57	   0.43	   94.80	  
opx2_B5_3_1	   UOB	   57.10	   0.53	   1.75	   5.56	   0.14	   34.49	   0.42	   91.72	  
67-­‐02B(5)_13	   ANU	   56.64	   0.55	   1.94	   5.31	   0.10	   35.13	   0.44	   93.38	  
opx2_B5_8_1	   UOB	   56.65	   0.65	   1.65	   6.21	   0.16	   34.09	   0.61	   90.97	  
opx2_B5_1_1	   UOB	   57.25	   0.52	   1.76	   5.68	   0.13	   34.06	   0.63	   91.47	  
67-­‐02B(5)_12	   ANU	   56.51	   0.45	   1.80	   5.40	   0.12	   35.24	   0.64	   94.28	  
opx2_B5_7_1	   UOB	   56.87	   0.63	   1.87	   5.67	   0.14	   34.22	   0.63	   91.53	  
67-­‐02B(5)_3	   ANU	   56.97	   0.56	   1.90	   5.37	   0.14	   34.43	   0.63	   91.94	  
opx2_B5_11_1	   UOB	   56.93	   0.49	   1.76	   5.81	   0.14	   34.23	   0.68	   91.34	  
opx1_B5_10_1	   UOB	   56.90	   0.41	   1.14	   6.10	   0.17	   34.17	   1.13	   91.76	  
opx1_B5_1_1	   UOB	   56.48	   0.48	   1.20	   7.57	   0.20	   32.95	   1.13	   89.16	  
opx2_B5_12_1	   UOB	   57.23	   0.39	   1.08	   5.91	   0.14	   34.04	   1.17	   91.18	  
opx2_B5_13_1	   UOB	   56.88	   0.43	   0.94	   6.33	   0.17	   33.93	   1.28	   91.42	  
67-­‐02B(5)_11	   ANU	   56.76	   0.43	   0.97	   5.48	   0.14	   34.99	   1.32	   94.44	  
opx2_B5_4_1	   UOB	   57.05	   0.41	   0.96	   6.36	   0.17	   33.70	   1.33	   90.55	  
opx1_B5_2_1	   UOB	   57.12	   0.44	   0.95	   6.29	   0.18	   33.64	   1.34	   90.53	  
opx1_B5_8_1	   UOB	   57.06	   0.42	   0.92	   6.21	   0.17	   33.78	   1.41	   90.86	  
opx1_B5_5_1	   UOB	   57.22	   0.39	   0.77	   6.28	   0.18	   33.70	   1.44	   90.57	  
opx1_B5_4_1	   UOB	   56.80	   0.41	   0.80	   7.35	   0.20	   33.00	   1.46	   89.30	  
opx1_B5_9_1	   UOB	   56.71	   0.43	   0.87	   7.30	   0.21	   33.00	   1.46	   89.50	  
67-­‐02B(6)_2	   ANU	   58.88	   0.38	   1.05	   5.66	   0.10	   33.63	   0.37	   91.38	  
67-­‐02B(6)_8	   ANU	   58.86	   0.48	   1.19	   5.72	   0.15	   33.24	   0.37	   91.13	  
opx2_B6_7_1	   UOB	   57.33	   0.42	   0.95	   6.07	   0.16	   34.72	   0.40	   91.17	  
67-­‐02B(6)_9	   ANU	   58.79	   0.47	   1.22	   5.57	   0.12	   33.47	   0.41	   91.46	  
opx1_B6_7_1	   UOB	   56.93	   0.51	   1.18	   6.16	   0.15	   34.68	   0.41	   91.74	  
opx2_B6_10_1	   UOB	   57.19	   0.46	   1.21	   6.14	   0.16	   34.33	   0.50	   90.90	  
opx2_B6_9_1	   UOB	   57.45	   0.52	   1.18	   5.70	   0.15	   34.53	   0.51	   91.57	  
67-­‐02B(6)_12	   ANU	   58.12	   0.50	   1.29	   5.91	   0.13	   33.53	   0.53	   90.99	  
67-­‐02B(6)_3	   ANU	   58.60	   0.47	   1.15	   5.51	   0.13	   33.50	   0.59	   91.49	  
opx2_B6_3_1	   UOB	   57.70	   0.30	   0.67	   6.19	   0.19	   34.39	   0.60	   90.87	  
opx1_B6_4_1	   UOB	   57.28	   0.45	   1.02	   5.92	   0.16	   34.51	   0.65	   91.26	  
opx2_B6_6_1	   UOB	   57.31	   0.45	   1.02	   5.87	   0.16	   34.53	   0.71	   91.36	  
opx2_B6_2_1	   UOB	   57.46	   0.51	   1.12	   5.76	   0.15	   34.33	   0.71	   91.44	  
opx1_B6_9_1	   UOB	   57.13	   0.40	   1.03	   5.87	   0.16	   34.69	   0.72	   92.01	  
67-­‐02B(6)_6	   ANU	   58.79	   0.41	   1.04	   5.57	   0.11	   33.36	   0.74	   91.38	  
opx2_B6_1_1	   UOB	   57.40	   0.44	   1.20	   6.06	   0.17	   33.93	   0.76	   90.88	  
opx1_B6_5_1	   UOB	   57.18	   0.39	   1.02	   5.88	   0.16	   34.50	   0.86	   91.63	  
opx2_B6_8_1	   UOB	   57.08	   0.44	   1.27	   6.19	   0.16	   33.99	   0.88	   90.78	  
opx1_B6_3_1	   UOB	   57.11	   0.44	   1.15	   6.16	   0.15	   34.11	   0.89	   90.85	  
67-­‐02B(6)_15	   ANU	   58.39	   0.34	   0.99	   6.93	   0.15	   32.22	   1.09	   89.31	  
opx1_B6_1_1	   UOB	   56.63	   0.43	   1.12	   6.92	   0.18	   33.37	   1.32	   90.40	  
opx1_B6_10_1	   UOB	   57.27	   0.39	   0.93	   5.66	   0.16	   34.23	   1.35	   91.66	  
opx1_B6_2_1	   UOB	   57.06	   0.42	   0.87	   6.30	   0.18	   33.72	   1.43	   90.77	  
opx1_B6_6_1	   UOB	   57.03	   0.40	   0.79	   6.44	   0.18	   33.64	   1.50	   90.80	  
opx1_B6_8_1	   UOB	   57.10	   0.43	   0.84	   6.61	   0.17	   33.33	   1.51	   90.01	  
opx2_B6_5_1	   UOB	   56.67	   0.42	   0.86	   6.86	   0.19	   33.40	   1.50	   90.79	  
opx2_B6_4_1	   UOB	   57.05	   0.43	   0.82	   6.91	   0.19	   33.06	   1.53	   89.55	  
67-­‐02B(6)_13	   ANU	   58.94	   0.40	   1.17	   5.59	   0.12	   31.85	   2.04	   91.06	  
67-­‐02B(7)-­‐2_21	   UOB	   58.99	   0.02	   0.20	   3.10	   	   37.61	   0.04	   95.60	  
67-­‐02B(7)-­‐2_22	   UOB	   58.81	   	   0.29	   2.48	   	   38.31	   0.05	   97.40	  
67-­‐02B(7)-­‐2_20	   UOB	   58.81	   0.03	   0.52	   2.74	   	   37.82	   0.05	   96.11	  
67-­‐02B(7)-­‐2_5	   UOB	   57.02	   0.58	   1.82	   5.50	   0.15	   34.55	   0.38	   91.81	  
67-­‐02B(7)-­‐2_19	   UOB	   57.95	   	   0.67	   4.80	   0.12	   36.04	   0.41	   93.60	  
67-­‐02B(7)-­‐2_18	   UOB	   58.27	   0.04	   0.45	   4.98	   0.13	   35.74	   0.42	   92.79	  
67-­‐02B(7)-­‐2_13	   UOB	   56.81	   0.45	   1.58	   5.43	   0.15	   35.01	   0.50	   92.98	  
67-­‐02D(1)_6	   ANU	   58.50	   0.43	   1.33	   6.03	   0.12	   33.28	   0.42	   90.84	  
67-­‐02D(1)_8	   ANU	   58.27	   0.43	   1.28	   5.74	   0.11	   32.93	   1.39	   91.20	  
67-­‐02D(1)_3	   ANU	   58.34	   0.41	   1.28	   5.84	   0.15	   32.69	   1.41	   90.96	  
67-­‐02D(2)_4	   ANU	   57.17	   0.49	   1.18	   5.71	   0.21	   34.86	   0.30	   91.90	  
67-­‐02D(2)_3	   ANU	   57.32	   0.57	   1.43	   5.39	   0.21	   34.42	   0.66	   92.07	  
67-­‐02D(2)_14	   ANU	   57.47	   0.52	   1.01	   5.66	   0.21	   34.31	   0.77	   91.58	  
67-­‐02D(2)_8	   ANU	   57.21	   0.48	   1.38	   5.58	   0.22	   34.31	   0.86	   91.82	  
67-­‐02D(2)_11	   ANU	   57.22	   0.48	   1.00	   5.80	   0.21	   34.01	   1.24	   91.37	  
67-­‐02D(3)-­‐3_13	   ANU	   58.24	   0.15	   0.80	   5.19	   	   35.31	   0.35	   92.42	  
opx1_D4_1_1	   UOB	   56.92	   0.49	   1.51	   5.95	   0.15	   34.66	   0.34	   91.59	  
opx1_D4_8_1	   UOB	   57.16	   0.38	   1.35	   5.92	   0.15	   34.71	   0.35	   91.33	  
67-­‐02D(4)_11	   ANU	   59.07	   0.40	   1.54	   4.86	   	   33.83	   0.44	   92.64	  
opx1_D4_4_1	   UOB	   56.96	   0.46	   1.53	   5.89	   0.15	   34.57	   0.47	   91.50	  
opx1_D4_10_1	   UOB	   56.76	   0.47	   1.55	   5.94	   0.15	   34.62	   0.48	   92.20	  
opx2_D4_4_1	   UOB	   57.10	   0.45	   1.53	   5.94	   0.16	   34.37	   0.49	   91.21	  
opx1_D4_9_1	   UOB	   57.02	   0.52	   1.55	   5.88	   0.15	   34.36	   0.52	   91.26	  
67-­‐02D(4)_19	   ANU	   59.42	   0.25	   1.37	   5.04	   	   33.51	   0.55	   92.32	  
opx2_D4_2_1	   UOB	   57.05	   0.46	   1.53	   5.95	   0.16	   34.26	   0.63	   91.17	  
opx1_D4_5_1	   UOB	   56.89	   0.52	   1.58	   5.81	   0.14	   34.37	   0.71	   91.55	  
opx2_D4_5_1	   UOB	   57.05	   0.47	   1.52	   5.91	   0.15	   34.09	   0.87	   91.20	  
opx1_D4_7_1	   UOB	   56.93	   0.45	   1.50	   5.86	   0.14	   34.22	   0.91	   91.33	  
opx1_D4_6_1	   UOB	   56.74	   0.54	   1.58	   5.79	   0.16	   34.25	   0.99	   91.92	  
67-­‐02D(4)_6	   ANU	   59.58	   0.26	   1.40	   4.80	   	   33.00	   1.09	   92.51	  
67-­‐02D(5)-­‐1_11	   UOB	   57.01	   0.54	   1.67	   5.67	   0.15	   34.61	   0.38	   91.62	  
67-­‐02D(5)-­‐1_5	   UOB	   57.13	   0.58	   1.62	   5.62	   0.15	   34.37	   0.54	   91.61	  
67-­‐02D(5)-­‐1_17	   UOB	   57.19	   0.47	   1.58	   5.70	   0.13	   34.21	   0.70	   91.46	  
67-­‐02D(5)-­‐1_15	   UOB	   57.52	   0.36	   1.24	   5.55	   0.15	   34.50	   0.70	   91.74	  
67-­‐02D(5)-­‐1_2	   UOB	   57.15	   0.47	   1.47	   5.70	   0.14	   34.31	   0.78	   91.54	  
67-­‐02D(5)-­‐1_8	   UOB	   57.46	   0.48	   1.02	   5.26	   0.14	   34.45	   1.19	   92.12	  
67-­‐02D(7)_12	   UOB	   57.03	   0.47	   1.33	   5.40	   0.14	   35.30	   0.30	   93.06	  
67-­‐02D(7)_2	   UOB	   57.15	   0.43	   1.31	   5.48	   0.14	   35.07	   0.41	   92.56	  
67-­‐02D(7)_15	   UOB	   57.25	   0.48	   1.26	   5.45	   0.14	   34.89	   0.52	   91.95	  
67-­‐02D(7)_4	   UOB	   57.11	   0.49	   1.47	   5.49	   0.13	   34.82	   0.53	   91.97	  
67-­‐02D(7)_3	   UOB	   56.92	   0.47	   1.45	   5.43	   0.14	   34.93	   0.67	   92.85	  
67-­‐02D(7)_14	   UOB	   57.18	   0.46	   1.19	   5.43	   0.14	   34.92	   0.69	   92.61	  
opx2_E1_5_1	   UOB	   57.35	   0.36	   1.44	   6.13	   0.15	   34.22	   0.38	   90.90	  
opx2_E1_6_1	   UOB	   57.40	   0.40	   1.54	   6.13	   0.16	   33.95	   0.43	   90.82	  
opx2_E1_7_1	   UOB	   57.22	   0.21	   1.79	   6.20	   0.16	   34.00	   0.44	   90.77	  
opx1_E1_7_1	   UOB	   56.97	   0.37	   1.43	   6.01	   0.16	   34.59	   0.46	   91.49	  
opx1_E1_1_1	   UOB	   56.95	   0.31	   1.68	   6.08	   0.16	   34.33	   0.48	   91.00	  
opx2_E1_1_1	   UOB	   57.66	   0.29	   1.29	   6.05	   0.15	   34.07	   0.50	   90.97	  
opx1_E1_8_1	   UOB	   56.78	   0.40	   1.66	   6.16	   0.16	   34.36	   0.50	   91.29	  
opx1_E1_9_1	   UOB	   56.92	   0.30	   1.64	   6.26	   0.15	   34.23	   0.50	   90.85	  
opx1_E1_2_1	   UOB	   57.01	   0.29	   1.47	   6.05	   0.16	   34.53	   0.51	   91.35	  
opx1_E1_6_1	   UOB	   56.79	   0.36	   1.54	   6.18	   0.16	   34.48	   0.53	   91.67	  
opx2_E1_4_1	   UOB	   56.96	   0.35	   1.67	   6.23	   0.15	   34.14	   0.55	   90.79	  
67-­‐02E(1)_8	   ANU	   59.25	   0.20	   1.50	   5.37	   	   33.27	   0.57	   91.80	  
opx2_E1_3_1	   UOB	   57.13	   0.42	   1.71	   6.06	   0.16	   33.96	   0.57	   90.94	  
opx1_E1_3_1	   UOB	   56.71	   0.37	   1.74	   6.16	   0.16	   34.31	   0.58	   91.42	  
opx1_E1_10_1	   UOB	   56.84	   0.39	   1.62	   6.04	   0.15	   34.34	   0.62	   91.31	  
opx2_E1_11_1	   UOB	   56.82	   0.47	   1.83	   6.10	   0.16	   33.98	   0.67	   90.91	  
opx1_E1_4_1	   UOB	   56.67	   0.49	   1.71	   6.07	   0.16	   34.22	   0.69	   91.42	  
opx1_E1_5_1	   UOB	   56.60	   0.27	   1.89	   6.14	   0.16	   34.15	   0.81	   91.53	  
opx2_E1_10_1	   UOB	   56.91	   0.46	   1.75	   6.03	   0.15	   33.84	   0.90	   90.96	  
opx2_E1_2_1	   UOB	   57.00	   0.45	   1.76	   5.99	   0.15	   33.40	   1.27	   90.91	  
67-­‐02E(2)_18	   UOB	   56.96	   0.59	   1.76	   5.52	   0.14	   34.69	   0.35	   91.82	  
67-­‐02E(2)_5	   UOB	   56.80	   0.53	   1.58	   5.77	   0.14	   34.67	   0.53	   92.09	  
67-­‐02E(2)_6	   UOB	   56.72	   0.49	   1.61	   5.74	   0.15	   34.72	   0.61	   92.56	  
67-­‐02E(2)_12	   UOB	   57.09	   0.43	   1.52	   5.57	   0.14	   34.57	   0.68	   91.73	  
67-­‐02E(3)_16	   UOB	   57.98	   0.22	   0.33	   6.06	   0.15	   35.21	   0.10	   91.27	  
67-­‐02E(3)_10	   UOB	   57.72	   0.38	   0.50	   6.15	   0.14	   35.05	   0.11	   91.09	  
67-­‐02E(3)_8	   UOB	   56.89	   0.48	   1.58	   6.17	   0.16	   34.27	   0.48	   90.87	  
67-­‐02E(3)_17	   UOB	   57.10	   0.42	   1.53	   6.20	   0.17	   33.84	   0.76	   90.71	  
67-­‐02E(4)-­‐1_2	   UOB	   59.00	   	   0.69	   2.82	   	   37.32	   0.11	   95.94	  
67-­‐02E(4)-­‐1_4	   UOB	   56.32	   0.11	   2.68	   7.36	   0.07	   33.32	   0.14	   88.96	  
67-­‐02E(4)-­‐1_1	   UOB	   57.18	   	   1.44	   7.56	   0.10	   33.56	   0.16	   88.76	  
67-­‐02E(4)-­‐1_3	   UOB	   56.93	   0.16	   1.71	   6.89	   0.10	   34.04	   0.19	   89.85	  
67-­‐02E(4)-­‐1_5	   UOB	   57.73	   	   0.37	   7.48	   0.20	   34.03	   0.21	   89.11	  
67-­‐02E(5)-­‐1_3	   UOB	   57.17	   0.36	   1.40	   5.88	   0.16	   34.51	   0.52	   91.29	  
67-­‐02E(5)-­‐1_9	   UOB	   56.91	   0.36	   1.38	   6.00	   0.16	   34.69	   0.54	   92.05	  
67-­‐02E(5)-­‐1_6	   UOB	   56.80	   0.45	   1.46	   5.87	   0.15	   34.74	   0.57	   92.40	  
67-­‐02E(6)-­‐1_5	   UOB	   57.98	   0.32	   0.66	   5.26	   0.15	   35.35	   0.29	   92.31	  
67-­‐02E(6)-­‐1_7	   UOB	   57.61	   0.41	   0.77	   5.30	   0.13	   35.02	   0.79	   92.22	  
67-­‐02E(6)-­‐1_2	   UOB	   57.63	   0.27	   0.63	   5.50	   0.16	   35.03	   0.81	   92.26	  
 
Table C.3. Representative Clinopyroxene Analyses  
 
Analysis	  #	   Institution	   SiO2	   TiO2	   Cr2O3	   Al2O3	   FeO*	   MnO	   MgO	   CaO	   Na2O	   Mg#	  
62-­‐01(1)_13	   UOB	   54.19	   	   0.04	   0.60	   1.14	   	   18.92	   25.16	   	   96.73	  
62-­‐01(1)_17	   UOB	   54.41	   0.04	   0.10	   0.85	   3.01	   0.08	   18.69	   22.79	   0.08	   91.73	  
62-­‐01(2)_14	   UOB	   53.81	   0.06	   0.77	   1.80	   2.23	   	   17.95	   23.16	   0.13	   93.48	  
62-­‐01(2)_12	   UOB	   54.85	   	   0.23	   0.22	   1.25	   	   17.87	   25.49	   0.12	   96.23	  
62-­‐02(1)_6	   ANU	   53.10	   0.15	   0.62	   2.11	   3.40	   0.12	   18.76	   21.58	   0.06	   90.36	  
62-­‐02(1)_1	   ANU	   52.85	   0.16	   0.80	   2.33	   4.54	   0.14	   20.64	   18.70	   0.09	   88.62	  
62-­‐02(1)_4	   ANU	   53.05	   0.20	   0.61	   2.37	   2.90	   0.10	   17.09	   23.84	   0.06	   91.26	  
62-­‐02(1)_2	   ANU	   52.98	   0.19	   0.66	   2.40	   2.98	   0.12	   17.06	   23.78	   0.10	   91.00	  
62-­‐02(1)_8	   ANU	   53.24	   0.20	   0.68	   2.60	   4.03	   0.13	   19.61	   19.76	   0.04	   89.67	  
62-­‐02(1)_5	   ANU	   53.79	   0.19	   0.53	   1.97	   3.15	   0.13	   18.43	   21.84	   0.09	   91.28	  
62-­‐02(1)_7	   ANU	   54.07	   0.08	   0.37	   1.43	   2.52	   0.09	   17.34	   24.06	   0.07	   92.48	  
62-­‐02(1)_9	   ANU	   53.52	   0.10	   0.63	   1.20	   2.70	   	   17.77	   24.38	   0.07	   91.86	  
62-­‐02(1)_2	   ANU	   54.02	   0.13	   0.38	   1.30	   2.44	   0.09	   17.52	   24.23	   0.07	   92.73	  
62-­‐02(2)_13	   ANU	   51.48	   0.08	   4.81	   2.05	   4.01	   0.11	   16.22	   21.31	   0.14	   87.91	  
62-­‐02(2)_21	   ANU	   53.08	   0.07	   0.27	   2.27	   3.90	   0.10	   16.67	   23.28	   0.12	   88.06	  
62-­‐02(2)_18	   ANU	   53.04	   0.07	   0.22	   3.17	   4.31	   0.16	   16.20	   22.86	   0.19	   87.11	  
62-­‐02(2)_8	   ANU	   53.29	   0.08	   0.28	   2.32	   4.02	   0.12	   16.67	   23.26	   0.14	   88.07	  
62-­‐02(2)_19	   ANU	   53.38	   0.08	   0.33	   2.37	   3.78	   0.14	   16.47	   23.48	   0.12	   88.64	  
62-­‐02(2)_6	   ANU	   53.26	   0.07	   0.26	   2.60	   4.07	   0.17	   16.57	   23.13	   0.14	   87.99	  
62-­‐02(2)_1	   ANU	   52.79	   0.07	   0.26	   2.37	   5.92	   0.16	   19.06	   19.72	   0.16	   84.89	  
62-­‐02(2)_4	   ANU	   53.39	   0.05	   0.30	   2.31	   4.03	   0.11	   16.72	   23.17	   0.15	   88.14	  
62-­‐02(2)_11	   ANU	   53.48	   0.05	   0.20	   1.91	   4.01	   0.11	   17.13	   23.21	   0.15	   88.27	  
62-­‐02(2)_2	   ANU	   53.36	   0.05	   0.29	   2.19	   3.97	   0.14	   16.66	   23.58	   0.17	   88.23	  
62-­‐02(2)_14	   ANU	   53.62	   0.07	   0.28	   1.86	   3.74	   0.12	   16.76	   23.54	   0.26	   88.80	  
62-­‐02(2)_15	   ANU	   53.87	   0.07	   0.25	   2.30	   5.28	   0.14	   18.25	   20.17	   0.08	   86.22	  
62-­‐02(4)_3	   UOB	   54.56	   	   0.47	   0.48	   1.70	   0.09	   17.97	   24.49	   0.18	   94.95	  
62-­‐02(4)_5	   UOB	   54.62	   	   0.49	   0.53	   1.87	   0.09	   18.06	   24.18	   0.14	   94.51	  
62-­‐02(4)_9	   UOB	   54.73	   	   0.22	   0.33	   1.46	   	   17.91	   25.24	   0.08	   95.63	  
62-­‐02(4)_2	   UOB	   54.73	   	   0.44	   0.52	   1.82	   0.09	   17.88	   24.38	   0.21	   94.63	  
62-­‐02(4)_6	   UOB	   54.98	   	   0.17	   	   0.42	   	   18.32	   26.01	   	   98.71	  
62-­‐02(4)_12	   UOB	   54.77	   0.03	   0.47	   0.56	   1.97	   0.10	   18.11	   23.99	   0.16	   94.27	  
63-­‐01(1)_25	   ANU	   53.92	   0.03	   0.75	   1.56	   1.53	   	   17.93	   23.98	   0.09	   95.28	  
63-­‐01(2)_8	   ANU	   53.07	   0.12	   1.73	   3.67	   3.69	   0.14	   19.58	   17.82	   0.14	   90.44	  
63-­‐01(2)_1	   ANU	   53.67	   0.26	   0.61	   2.29	   4.31	   0.13	   18.35	   20.30	   0.19	   88.40	  
63-­‐01(2)_10	   ANU	   54.16	   0.04	   0.60	   1.40	   1.65	   0.07	   17.94	   23.99	   0.10	   95.04	  
63-­‐01(2)_3	   ANU	   53.95	   0.05	   0.58	   1.48	   1.75	   	   18.54	   23.65	   0.10	   94.74	  
63-­‐01(2)_2	   ANU	   54.12	   0.04	   0.66	   1.44	   1.62	   0.10	   17.54	   24.50	   0.07	   95.10	  
63-­‐01(2)_5	   ANU	   54.05	   0.08	   0.58	   1.35	   1.67	   	   18.32	   23.94	   0.09	   94.96	  
63-­‐01(2)_16	   ANU	   54.18	   0.05	   0.58	   1.39	   1.73	   	   18.12	   24.00	   0.10	   94.90	  
63-­‐01(2)_15	   ANU	   54.81	   	   0.10	   0.38	   1.49	   0.09	   18.46	   24.53	   	   95.46	  
63-­‐01(2)_12	   ANU	   54.59	   0.05	   0.50	   1.05	   1.58	   	   18.07	   24.05	   0.12	   95.32	  
63-­‐01(2)_14	   ANU	   54.27	   0.05	   0.57	   1.30	   1.64	   0.09	   18.18	   24.07	   0.11	   95.18	  
63-­‐01(2)_11	   ANU	   54.29	   0.06	   0.57	   1.19	   1.66	   	   18.01	   24.42	   0.08	   95.11	  
63-­‐01(2)_17	   ANU	   54.72	   	   0.27	   0.89	   1.57	   0.08	   18.71	   23.99	   0.06	   95.51	  
63-­‐01(3)-­‐2_17	   UOB	   53.69	   	   0.75	   1.46	   1.84	   0.07	   17.55	   24.64	   0.06	   94.47	  
63-­‐01(3)-­‐2_13	   UOB	   54.28	   	   0.57	   1.39	   4.01	   0.12	   19.30	   20.26	   0.17	   89.59	  
63-­‐01(3)-­‐2_5	   UOB	   54.41	   	   0.62	   1.14	   4.83	   0.14	   20.89	   17.88	   0.12	   88.54	  
63-­‐01(3)-­‐2_7	   UOB	   54.41	   	   0.16	   1.43	   5.62	   0.16	   20.08	   18.04	   0.15	   86.48	  
63-­‐01(3)-­‐2_8	   UOB	   54.66	   	   0.49	   1.11	   4.85	   0.16	   20.13	   18.50	   0.13	   88.10	  
63-­‐01(3)-­‐2_16	   UOB	   54.54	   	   0.81	   0.79	   2.83	   0.10	   19.98	   20.82	   0.21	   92.66	  
63-­‐01(4)_9	   UOB	   53.67	   0.06	   0.79	   2.23	   2.11	   	   17.39	   23.60	   0.18	   93.66	  
63-­‐01(4)_16	   UOB	   53.96	   0.06	   0.85	   1.89	   1.77	   	   18.84	   22.28	   0.40	   95.01	  
63-­‐01(4)_7	   UOB	   54.40	   	   0.73	   1.55	   2.29	   0.07	   17.82	   23.03	   0.35	   93.35	  
63-­‐01(4)_18	   UOB	   55.17	   	   0.36	   0.67	   1.36	   	   18.99	   23.29	   0.24	   96.17	  
65-­‐01B_12	   ANU	   53.21	   0.07	   0.55	   1.66	   3.88	   0.11	   16.92	   23.51	   0.18	   88.27	  
65-­‐01B_9	   ANU	   53.05	   0.08	   0.44	   1.77	   3.74	   0.11	   17.01	   23.84	   0.17	   88.61	  
65-­‐01B_15	   ANU	   53.97	   0.05	   0.60	   0.58	   3.54	   0.13	   19.51	   21.55	   0.11	   90.28	  
65-­‐01B_5	   ANU	   54.08	   0.08	   0.48	   1.51	   3.79	   0.13	   16.79	   22.93	   0.26	   88.78	  
67-­‐02A(1)-­‐2_6	   ANU	   53.86	   	   0.58	   0.96	   2.22	   0.12	   18.06	   23.69	   0.17	   92.98	  
67-­‐02A(1)-­‐1_7	   ANU	   53.38	   0.07	   0.72	   1.42	   2.11	   0.11	   17.57	   24.49	   0.09	   93.23	  
67-­‐02A(1)-­‐1_15	   ANU	   53.95	   0.04	   0.70	   1.02	   2.21	   0.07	   17.73	   23.93	   0.18	   93.12	  
67-­‐02A(1)-­‐2_10	   ANU	   54.43	   0.05	   0.73	   0.97	   2.28	   0.11	   20.39	   20.76	   0.16	   93.79	  
67-­‐02A(1)-­‐1_3	   ANU	   54.15	   0.05	   0.41	   0.70	   2.02	   0.08	   18.46	   24.18	   0.08	   93.83	  
67-­‐02A(1)-­‐1_12	   ANU	   54.63	   	   0.62	   0.77	   3.33	   0.10	   20.19	   20.47	   0.16	   91.46	  
cpx3_A1_7_1	   UOB	   53.48	   0.05	   0.67	   1.54	   2.24	   0.10	   17.17	   24.64	   0.09	   92.89	  
cpx3_A1_6_1	   UOB	   53.35	   0.06	   0.70	   1.68	   2.35	   0.10	   17.04	   24.68	   0.09	   92.55	  
cpx1_A1_7_1	   UOB	   53.41	   0.05	   0.73	   1.38	   2.28	   0.10	   17.33	   24.64	   0.12	   92.70	  
cpx1_A1_8_1	   UOB	   53.45	   0.06	   0.72	   1.53	   2.26	   0.09	   17.33	   24.50	   0.08	   92.89	  
cpx3_A1_4_1	   UOB	   53.46	   0.06	   0.67	   1.43	   2.24	   0.10	   17.18	   24.79	   0.11	   92.83	  
cpx3_A1_2_1	   UOB	   53.54	   0.06	   0.64	   1.64	   2.21	   0.09	   17.22	   24.52	   0.10	   93.06	  
cpx2_A1_5_1	   UOB	   53.52	   0.06	   0.72	   1.43	   2.21	   0.11	   17.27	   24.64	   0.08	   93.02	  
cpx2_A1_8_1	   UOB	   53.35	   0.05	   0.88	   1.38	   2.27	   0.10	   17.26	   24.72	   0.11	   92.74	  
cpx2_A1_2_1	   UOB	   53.52	   0.06	   0.67	   1.37	   2.16	   0.10	   17.31	   24.79	   0.09	   93.11	  
cpx2_A1_7_1	   UOB	   53.71	   0.05	   0.26	   1.30	   2.71	   0.11	   17.44	   24.31	   0.10	   91.61	  
cpx2_A1_4_1	   UOB	   53.60	   0.05	   0.70	   1.42	   2.20	   0.09	   17.27	   24.64	   0.09	   93.07	  
cpx2_A1_6_1	   UOB	   53.62	   0.05	   0.71	   1.55	   2.18	   0.10	   17.17	   24.60	   0.09	   93.20	  
cpx1_A1_9_1	   UOB	   53.73	   0.04	   0.61	   1.07	   2.15	   0.09	   17.43	   24.74	   0.16	   93.10	  
cpx1_A1_10_1	   UOB	   53.79	   0.05	   0.29	   0.97	   2.14	   0.09	   17.39	   25.21	   0.10	   93.06	  
cpx3_A1_1_1	   UOB	   53.68	   0.05	   0.71	   1.56	   2.19	   0.09	   17.13	   24.54	   0.11	   93.20	  
cpx3_A1_3_1	   UOB	   53.74	   0.06	   0.62	   1.49	   2.17	   0.09	   17.09	   24.76	   0.08	   93.24	  
cpx2_A1_9_1	   UOB	   53.79	   0.05	   0.65	   1.34	   2.24	   0.09	   17.35	   24.49	   0.09	   93.10	  
cpx2_A1_3_1	   UOB	   53.69	   0.06	   0.68	   1.36	   2.20	   0.09	   17.18	   24.77	   0.11	   93.09	  
cpx1_A1_6_1	   UOB	   53.78	   0.04	   0.67	   1.21	   2.18	   0.09	   17.22	   24.80	   0.10	   93.16	  
cpx2_A1_1_1	   UOB	   53.92	   0.05	   0.28	   1.32	   2.64	   0.11	   17.43	   24.16	   0.12	   91.94	  
cpx2_A1_10_1	   UOB	   53.98	   0.05	   0.72	   0.90	   2.13	   0.09	   17.52	   24.48	   0.16	   93.32	  
cpx3_A1_8_1	   UOB	   53.83	   0.05	   0.40	   1.13	   2.22	   0.10	   17.18	   25.15	   0.06	   92.99	  
cpx3_A1_5_1	   UOB	   54.63	   0.03	   0.88	   0.73	   1.88	   0.07	   18.83	   22.89	   0.11	   94.70	  
cpx1_A1_2_1	   UOB	   53.39	   0.07	   0.70	   1.59	   2.34	   0.10	   17.20	   24.46	   0.11	   92.56	  
cpx1_A1_3_1	   UOB	   53.35	   0.08	   0.69	   1.65	   2.26	   0.10	   17.03	   24.79	   0.10	   92.76	  
cpx1_A1_4_1	   UOB	   53.50	   0.05	   0.59	   1.24	   2.19	   0.09	   17.26	   25.11	   0.06	   92.96	  
cpx1_A1_1_1	   UOB	   53.74	   0.04	   0.65	   1.19	   2.25	   0.10	   17.35	   24.58	   0.11	   92.91	  
cpx1_A1_5_1	   UOB	   53.73	   0.05	   0.63	   0.98	   2.22	   0.09	   17.86	   24.42	   0.08	   93.06	  
67-­‐02A(2)-­‐1_14	   ANU	   53.15	   	   0.74	   1.71	   1.63	   0.07	   18.01	   24.17	   0.07	   94.44	  
67-­‐02A(2)-­‐1_7	   ANU	   53.34	   	   0.57	   1.08	   1.41	   0.08	   18.22	   24.74	   0.06	   94.90	  
67-­‐02A(2)-­‐1_10	   ANU	   52.90	   	   0.68	   1.57	   1.79	   0.07	   18.47	   24.26	   0.06	   93.88	  
67-­‐02A(2)-­‐2_13	   ANU	   53.03	   	   0.81	   2.09	   1.72	   0.07	   17.75	   24.48	   0.10	   94.29	  
67-­‐02A(2)-­‐1_17	   ANU	   53.58	   	   0.42	   1.15	   1.56	   0.07	   18.33	   24.66	   0.05	   94.74	  
67-­‐02A(2)-­‐1_6	   ANU	   53.98	   	   0.35	   1.03	   1.67	   	   18.25	   24.68	   0.08	   94.64	  
67-­‐02A(2)-­‐2_22	   ANU	   53.62	   	   0.73	   1.69	   1.66	   0.08	   17.56	   24.95	   0.06	   94.80	  
67-­‐02A(2)-­‐2_18	   ANU	   54.13	   	   0.64	   1.38	   1.51	   0.08	   17.65	   24.91	   0.07	   95.45	  
cpx2_A2_5_1	   UOB	   53.53	   	   0.72	   1.55	   1.77	   0.08	   17.70	   24.61	   0.09	   94.32	  
cpx2_A2_6_1	   UOB	   53.77	   	   0.65	   1.35	   1.65	   0.06	   17.68	   24.75	   0.05	   94.72	  
cpx1_A2_8_1	   UOB	   53.59	   	   0.76	   1.45	   1.58	   0.06	   17.66	   24.91	   0.06	   94.89	  
cpx2_A2_3_1	   UOB	   53.61	   	   0.76	   1.82	   1.95	   0.08	   17.85	   23.88	   0.11	   94.01	  
cpx1_A2_10_1	   UOB	   53.61	   	   0.68	   1.53	   1.76	   0.08	   17.67	   24.67	   0.07	   94.39	  
cpx1_A2_6_1	   UOB	   53.61	   	   0.77	   1.58	   1.65	   0.07	   17.61	   24.74	   0.06	   94.76	  
cpx1_A2_9_1	   UOB	   53.87	   	   0.55	   1.28	   1.63	   0.07	   18.00	   24.48	   0.10	   94.78	  
cpx2_A2_9_1	   UOB	   53.80	   	   0.62	   1.26	   1.53	   0.07	   17.74	   24.97	   0.06	   95.05	  
cpx2_A2_2_1	   UOB	   53.66	   	   0.67	   1.22	   1.55	   0.07	   17.72	   25.24	   	   94.94	  
cpx2_A2_7_1	   UOB	   53.83	   	   0.56	   0.95	   1.43	   0.07	   17.75	   25.41	   0.07	   95.18	  
cpx1_A2_7_1	   UOB	   53.86	   	   0.58	   1.18	   1.55	   0.08	   17.78	   24.98	   0.06	   94.99	  
cpx2_A2_1_1	   UOB	   53.74	   	   0.75	   1.43	   1.65	   0.07	   17.57	   24.87	   0.06	   94.80	  
cpx2_A2_4_1	   UOB	   53.82	   	   0.69	   1.41	   1.75	   0.08	   17.60	   24.63	   0.11	   94.50	  
cpx2_A2_8_1	   UOB	   54.04	   	   0.41	   0.97	   1.45	   0.06	   17.73	   25.33	   	   95.27	  
cpx1_A2_2_1	   UOB	   53.55	   	   0.76	   1.62	   1.84	   0.08	   17.55	   24.45	   0.08	   94.15	  
cpx1_A2_3_1	   UOB	   53.73	   	   0.72	   1.32	   1.55	   0.06	   17.66	   24.82	   0.05	   94.98	  
cpx1_A2_5_1	   UOB	   53.77	   	   0.66	   1.34	   1.64	   0.07	   17.68	   24.82	   0.07	   94.76	  
cpx1_A2_1_1	   UOB	   53.85	   	   0.68	   1.15	   1.42	   0.07	   17.64	   25.24	   	   95.41	  
cpx1_A2_4_1	   UOB	   53.96	   	   0.36	   0.89	   1.54	   0.06	   18.00	   25.22	   0.06	   94.93	  
cpx2_A3_3_1	   UOB	   53.49	   	   0.82	   1.77	   1.81	   0.07	   17.53	   24.44	   0.11	   94.26	  
cpx1_A3_8_1	   UOB	   53.55	   	   0.74	   1.56	   1.63	   0.08	   17.66	   24.79	   	   94.76	  
cpx2_A3_1_1	   UOB	   53.68	   	   0.68	   1.50	   1.81	   0.08	   17.63	   24.62	   0.07	   94.29	  
cpx2_A3_4_1	   UOB	   53.84	   	   0.76	   1.43	   1.62	   0.08	   17.44	   24.79	   0.08	   94.91	  
cpx3_A3_4_1	   UOB	   53.71	   	   0.72	   1.45	   1.68	   0.07	   17.36	   25.10	   0.08	   94.65	  
cpx2_A3_6_1	   UOB	   54.06	   	   0.42	   1.17	   1.71	   0.08	   17.76	   24.82	   0.08	   94.63	  
cpx3_A3_5_1	   UOB	   54.23	   0.04	   0.78	   0.90	   2.65	   0.10	   18.92	   22.18	   0.23	   92.43	  
cpx1_A3_7_1	   UOB	   54.30	   0.06	   0.71	   0.83	   2.94	   0.12	   19.25	   21.60	   0.22	   91.84	  
cpx2_A3_2_1	   UOB	   54.29	   	   0.74	   1.12	   1.41	   0.05	   18.50	   23.87	   0.08	   95.80	  
cpx1_A3_6_1	   UOB	   54.58	   0.04	   0.95	   0.44	   2.87	   0.12	   19.86	   20.94	   0.20	   92.29	  
cpx2_A3_9_1	   UOB	   54.66	   0.03	   0.91	   0.47	   2.79	   0.12	   19.73	   21.05	   0.24	   92.45	  
cpx1_A3_10_1	   UOB	   54.69	   	   0.74	   0.41	   2.90	   0.11	   19.99	   20.93	   0.24	   92.21	  
cpx1_A3_9_1	   UOB	   54.57	   0.03	   0.84	   0.47	   2.88	   0.12	   19.87	   21.07	   0.26	   92.20	  
cpx2_A3_7_1	   UOB	   54.62	   0.03	   1.06	   0.58	   2.91	   0.12	   19.80	   20.73	   0.26	   92.24	  
cpx3_A3_2_1	   UOB	   54.81	   0.03	   0.83	   0.46	   3.08	   0.13	   19.99	   20.47	   0.23	   91.91	  
cpx2_A3_8_1	   UOB	   54.76	   0.03	   0.93	   0.53	   2.73	   0.12	   19.30	   21.44	   0.24	   92.61	  
cpx3_A3_1_1	   UOB	   54.78	   0.03	   0.77	   0.56	   2.85	   0.11	   19.66	   21.10	   0.21	   92.41	  
cpx2_A3_5_1	   UOB	   54.66	   0.03	   0.78	   0.49	   3.03	   0.13	   20.10	   20.67	   0.24	   91.99	  
cpx3_A3_3_1	   UOB	   54.93	   	   0.75	   0.42	   2.96	   0.11	   19.78	   20.95	   0.22	   92.21	  
cpx1_A3_3_1	   UOB	   53.42	   	   0.76	   1.64	   1.54	   0.07	   17.71	   24.84	   0.06	   94.95	  
cpx1_A3_2_1	   UOB	   53.64	   	   0.69	   1.61	   1.84	   0.08	   17.73	   24.39	   0.09	   94.23	  
cpx1_A3_4_1	   UOB	   54.30	   0.05	   0.78	   0.77	   2.67	   0.10	   19.11	   22.03	   0.21	   92.44	  
cpx1_A3_5_1	   UOB	   54.23	   0.05	   0.74	   0.82	   2.89	   0.13	   19.23	   21.77	   0.22	   91.91	  
cpx1_A3_1_1	   UOB	   54.29	   0.05	   0.72	   0.77	   2.83	   0.12	   19.19	   21.90	   0.22	   92.07	  
67-­‐02A(4)_3	   ANU	   54.02	   	   0.71	   0.66	   2.59	   0.08	   20.73	   21.30	   0.05	   92.89	  
67-­‐02A(4)_17	   ANU	   54.36	   0.05	   0.03	   0.81	   1.51	   	   19.09	   24.06	   0.06	   95.28	  
67-­‐02A(4)_11	   ANU	   54.57	   	   0.04	   0.49	   1.70	   	   18.61	   24.57	   0.08	   94.74	  
67-­‐02A(4)_16	   ANU	   54.79	   	   	   0.59	   1.32	   	   19.16	   24.06	   0.08	   95.97	  
67-­‐02A(4)_10	   ANU	   54.55	   	   0.03	   0.51	   1.43	   	   19.21	   24.28	   0.11	   95.47	  
67-­‐02A(4)_5	   ANU	   55.81	   	   1.62	   1.14	   2.90	   0.09	   23.80	   14.51	   0.11	   93.60	  
67-­‐02A(4)_6	   ANU	   55.35	   	   0.06	   0.72	   2.21	   	   20.79	   20.87	   0.09	   94.39	  
cpx2_A5_8_1	   UOB	   53.24	   	   0.95	   1.85	   1.65	   0.09	   17.38	   24.78	   0.11	   94.56	  
cpx1_A5_8_1	   UOB	   53.33	   	   0.86	   1.85	   1.67	   0.07	   17.43	   24.78	   0.09	   94.58	  
cpx2_A5_4_1	   UOB	   53.41	   	   0.98	   1.77	   1.58	   0.07	   17.20	   25.00	   0.09	   94.88	  
cpx2_A5_7_1	   UOB	   53.48	   0.05	   0.74	   1.80	   2.54	   0.08	   18.16	   23.02	   0.20	   92.37	  
cpx1_A5_9_1	   UOB	   53.60	   	   0.79	   1.96	   1.80	   0.07	   17.85	   23.70	   0.26	   94.31	  
cpx2_A5_3_1	   UOB	   53.71	   	   0.63	   1.46	   2.22	   0.08	   17.99	   23.74	   0.19	   93.13	  
cpx2_A5_6_1	   UOB	   53.73	   	   0.75	   1.62	   1.96	   0.08	   18.59	   23.16	   0.13	   94.08	  
cpx1_A5_10_1	   UOB	   53.63	   	   0.82	   2.01	   1.95	   0.08	   18.02	   23.31	   0.23	   94.04	  
cpx2_A5_5_1	   UOB	   53.93	   0.10	   0.75	   1.41	   2.71	   0.10	   17.87	   22.94	   0.18	   92.06	  
cpx1_A5_6_1	   UOB	   53.91	   	   0.33	   1.55	   2.42	   0.10	   18.42	   23.09	   0.23	   92.75	  
cpx2_A5_2_1	   UOB	   53.84	   	   0.48	   1.33	   2.23	   0.08	   18.50	   23.41	   0.21	   93.17	  
cpx2_A5_1_1	   UOB	   54.39	   	   0.13	   1.15	   2.34	   0.08	   18.34	   23.45	   0.21	   93.08	  
cpx1_A5_5_1	   UOB	   54.54	   	   0.32	   0.90	   2.23	   0.08	   18.70	   23.11	   0.19	   93.50	  
cpx1_A5_4_1	   UOB	   53.35	   0.08	   0.83	   1.68	   2.97	   0.11	   18.18	   22.57	   0.18	   91.19	  
cpx1_A5_7_1	   UOB	   53.43	   	   0.76	   1.64	   1.69	   0.08	   17.67	   24.61	   0.09	   94.48	  
cpx1_A5_1_1	   UOB	   53.21	   	   0.84	   1.89	   1.65	   0.08	   17.79	   24.50	   0.12	   94.57	  
cpx1_A5_2_1	   UOB	   53.44	   	   0.84	   1.68	   1.71	   0.07	   17.46	   24.78	   0.10	   94.46	  
cpx1_A5_3_1	   UOB	   53.84	   	   0.56	   1.34	   1.67	   0.07	   17.66	   24.87	   0.08	   94.70	  
67-­‐02A(6)_10	   UOB	   54.23	   	   0.59	   0.94	   1.37	   	   17.33	   25.38	   0.14	   95.77	  
67-­‐02A(6)_9	   UOB	   54.28	   	   0.58	   1.14	   1.82	   	   17.40	   24.54	   0.23	   94.48	  
67-­‐02A(6)_11	   UOB	   54.31	   	   0.75	   1.09	   1.54	   	   17.36	   24.80	   0.20	   95.28	  
67-­‐02A(6)_3	   UOB	   54.32	   	   0.66	   1.18	   1.56	   	   17.34	   24.85	   0.18	   95.21	  
67-­‐02A(6)_2	   UOB	   54.68	   	   0.36	   0.77	   1.64	   	   17.50	   24.97	   0.19	   95.03	  
67-­‐02A(6)_4	   UOB	   54.78	   	   0.37	   0.56	   1.38	   	   17.61	   25.30	   0.14	   95.81	  
67-­‐02B(1)_13	   ANU	   53.40	   	   0.51	   1.13	   1.59	   	   18.02	   24.75	   0.09	   94.39	  
67-­‐02B(1)_19	   ANU	   53.50	   	   0.63	   1.40	   1.68	   0.07	   17.62	   24.79	   0.16	   94.31	  
67-­‐02B(1)_10	   ANU	   53.92	   	   0.35	   0.68	   1.28	   	   17.98	   25.78	   0.05	   95.52	  
67-­‐02B(1)_9	   ANU	   53.82	   	   0.56	   1.29	   1.55	   0.07	   17.74	   25.15	   0.06	   95.02	  
cpx1_B1_2_1	   UOB	   53.35	   	   0.81	   2.45	   1.46	   0.06	   18.11	   23.36	   0.33	   94.19	  
cpx2_B1_5_1	   UOB	   53.82	   	   0.71	   1.41	   1.55	   0.08	   17.45	   24.95	   0.05	   95.10	  
cpx2_B1_9_1	   UOB	   53.73	   	   0.66	   1.53	   1.80	   0.09	   17.64	   24.50	   0.10	   94.33	  
cpx2_B1_2_1	   UOB	   53.88	   	   0.71	   1.37	   1.50	   0.06	   17.59	   24.83	   0.05	   95.27	  
cpx2_B1_3_1	   UOB	   53.71	   	   0.78	   1.94	   1.63	   0.08	   17.41	   24.44	   0.08	   94.98	  
cpx1_B1_8_1	   UOB	   53.65	   	   0.53	   1.02	   1.95	   0.05	   17.75	   25.13	   0.06	   95.13	  
cpx2_B1_7_1	   UOB	   53.79	   	   0.59	   1.23	   1.70	   0.08	   17.76	   24.82	   0.10	   94.50	  
cpx1_B1_9_1	   UOB	   53.83	   	   0.67	   1.42	   1.48	   0.08	   17.77	   24.68	   0.10	   94.81	  
cpx2_B1_4_1	   UOB	   53.82	   	   0.67	   1.50	   1.77	   0.07	   17.62	   24.53	   0.08	   94.48	  
cpx2_B1_8_1	   UOB	   53.80	   	   0.69	   1.58	   1.85	   0.07	   17.68	   24.31	   0.09	   94.28	  
cpx2_B1_1_1	   UOB	   53.93	   	   0.63	   1.25	   1.56	   0.07	   17.58	   24.98	   0.08	   95.03	  
cpx1_B1_5_1	   UOB	   53.95	   	   0.49	   0.90	   1.44	   0.05	   17.82	   25.38	   0.05	   95.23	  
cpx1_B1_10_1	   UOB	   53.89	   	   0.44	   0.98	   1.63	   0.06	   17.84	   25.28	   	   95.24	  
cpx2_B1_6_1	   UOB	   54.08	   	   0.55	   1.29	   1.74	   0.07	   17.75	   24.51	   0.07	   94.67	  
cpx1_B1_7_1	   UOB	   53.81	   	   0.68	   1.55	   1.43	   0.08	   17.75	   24.42	   0.14	   93.72	  
cpx1_B1_3_1	   UOB	   53.58	   	   0.73	   1.33	   1.78	   0.07	   17.64	   24.95	   0.06	   94.98	  
cpx1_B1_4_1	   UOB	   53.82	   	   0.63	   1.22	   1.55	   0.08	   17.69	   25.01	   0.08	   95.32	  
cpx1_B1_1_1	   UOB	   53.85	   	   0.65	   1.10	   1.48	   0.06	   17.81	   25.11	   0.07	   95.17	  
cpx1_B1_6_1	   UOB	   54.34	   	   0.23	   0.67	   1.44	   0.07	   18.01	   25.28	   0.05	   95.40	  
67-­‐02B(2)_13	   ANU	   53.08	   0.20	   0.86	   2.22	   3.63	   0.12	   19.03	   20.66	   0.18	   89.98	  
67-­‐02B(2)_14	   ANU	   53.40	   0.14	   0.45	   1.39	   4.18	   0.11	   20.02	   20.37	   0.14	   88.98	  
cpx1_B2_4_2	   UOB	   55.32	   0.13	   0.44	   1.19	   2.23	   0.16	   20.49	   19.52	   0.10	   89.66	  
cpx1_B2_3_1	   UOB	   54.55	   	   0.76	   0.94	   1.65	   0.07	   19.45	   22.36	   0.11	   93.66	  
cpx1_B2_1_1	   UOB	   54.43	   0.03	   0.52	   0.65	   2.14	   0.09	   19.31	   22.76	   0.14	   93.80	  
cpx1_B2_9_1	   UOB	   54.58	   0.03	   0.76	   0.55	   1.36	   0.05	   19.08	   23.41	   0.23	   95.54	  
cpx1_B2_7_1	   UOB	   54.32	   0.04	   0.79	   1.24	   1.23	   0.06	   17.97	   24.04	   0.21	   94.26	  
cpx1_B2_5_1	   UOB	   53.13	   0.05	   0.74	   0.83	   4.08	   0.07	   19.18	   22.36	   0.16	   94.29	  
cpx1_B2_8_1	   UOB	   54.27	   0.03	   0.80	   0.66	   1.85	   0.04	   18.53	   23.73	   0.29	   95.76	  
cpx1_B2_6_1	   UOB	   54.35	   	   0.30	   0.59	   1.97	   0.05	   19.19	   23.68	   0.14	   96.24	  
cpx1_B2_10_1	   UOB	   54.98	   	   0.23	   0.37	   1.46	   0.06	   19.82	   22.98	   0.13	   95.20	  
67-­‐02B(3)-­‐2_2	   ANU	   53.64	   	   0.65	   1.36	   1.79	   0.09	   17.72	   24.73	   0.17	   94.17	  
67-­‐02B(3)-­‐1_10	   ANU	   53.53	   	   0.56	   1.44	   1.93	   0.09	   17.94	   24.61	   0.17	   93.76	  
67-­‐02B(3)-­‐1_11	   ANU	   54.35	   	   0.37	   0.91	   1.82	   	   18.21	   24.69	   0.12	   94.54	  
cpx1_B3_10_1	   UOB	   53.18	   	   0.85	   2.53	   1.95	   0.08	   17.79	   23.28	   0.24	   91.77	  
cpx1_B3_6_1	   UOB	   53.78	   	   0.93	   1.50	   2.03	   0.09	   17.94	   23.58	   0.18	   93.44	  
cpx1_B3_8_1	   UOB	   54.16	   	   0.32	   1.35	   1.88	   0.09	   18.32	   23.62	   0.16	   92.95	  
cpx1_B3_7_1	   UOB	   54.37	   	   0.33	   0.79	   2.15	   0.08	   18.14	   24.18	   0.10	   94.38	  
cpx1_B3_5_1	   UOB	   53.66	   	   0.64	   1.54	   1.90	   0.08	   17.88	   24.08	   0.14	   93.59	  
cpx1_B3_1_1	   UOB	   53.55	   	   0.62	   1.48	   1.86	   0.08	   17.75	   24.58	   0.10	   93.99	  
cpx1_B3_3_1	   UOB	   53.94	   	   0.54	   1.40	   2.01	   0.08	   18.23	   23.68	   0.14	   93.40	  
cpx1_B3_4_1	   UOB	   53.98	   	   0.56	   1.18	   2.17	   0.07	   17.93	   24.06	   0.19	   94.12	  
cpx1_B3_2_1	   UOB	   53.84	   	   0.29	   0.77	   2.63	   0.08	   18.50	   24.02	   0.11	   93.82	  
cpx1_B3_9_1	   UOB	   54.06	   	   0.48	   1.21	   2.32	   0.08	   17.93	   23.98	   0.13	   94.14	  
67-­‐02B(4)_15	   ANU	   52.54	   0.12	   1.29	   3.26	   2.09	   	   18.30	   21.94	   0.29	   93.53	  
67-­‐02B(4)_8	   ANU	   53.59	   0.06	   0.52	   1.31	   1.49	   	   17.62	   24.87	   0.05	   94.93	  
67-­‐02B(4)_17	   ANU	   53.20	   0.05	   0.82	   2.04	   1.77	   	   17.52	   24.16	   0.09	   94.21	  
67-­‐02B(4)_9	   ANU	   53.78	   	   0.35	   1.28	   1.66	   	   17.90	   24.49	   0.10	   94.49	  
67-­‐02B(4)_13	   ANU	   53.41	   0.09	   1.20	   2.19	   1.66	   	   18.42	   22.65	   0.23	   94.92	  
67-­‐02B(4)_20	   ANU	   53.28	   0.07	   0.97	   2.17	   1.64	   0.06	   17.46	   24.60	   0.09	   94.88	  
67-­‐02B(4)_19	   ANU	   54.79	   0.03	   0.77	   1.90	   2.53	   	   20.51	   19.53	   0.18	   93.62	  
67-­‐02B(5)_4	   ANU	   54.17	   0.08	   0.70	   1.40	   2.98	   0.11	   18.73	   21.65	   0.20	   91.72	  
cpx2_B5_2_1	   UOB	   52.96	   0.14	   0.83	   2.03	   4.53	   0.16	   17.71	   21.44	   0.20	   87.14	  
cpx2_B5_8_1	   UOB	   53.19	   0.14	   0.77	   1.96	   4.26	   0.15	   17.46	   21.81	   0.21	   87.73	  
cpx1_B5_10_1	   UOB	   53.20	   0.14	   0.81	   1.77	   4.12	   0.16	   17.96	   21.59	   0.19	   88.05	  
cpx2_B5_5_1	   UOB	   53.55	   0.10	   0.67	   1.25	   3.88	   0.15	   18.19	   21.99	   0.22	   88.92	  
cpx2_B5_1_1	   UOB	   53.50	   0.10	   0.69	   1.33	   3.87	   0.13	   18.24	   22.01	   0.18	   89.00	  
cpx1_B5_8_1	   UOB	   53.42	   0.08	   0.68	   1.20	   3.63	   0.13	   18.55	   22.33	   0.17	   90.72	  
cpx2_B5_6_1	   UOB	   53.61	   0.09	   0.64	   1.22	   3.87	   0.15	   18.40	   21.94	   0.19	   89.09	  
cpx2_B5_3_1	   UOB	   53.71	   0.08	   0.78	   1.21	   3.86	   0.14	   18.33	   21.76	   0.18	   89.18	  
cpx1_B5_5_1	   UOB	   54.83	   0.09	   0.66	   1.18	   1.63	   0.14	   18.67	   22.20	   0.17	   89.49	  
cpx1_B5_7_1	   UOB	   53.91	   0.07	   0.66	   1.10	   3.58	   0.14	   18.27	   22.09	   0.17	   89.73	  
cpx2_B5_7_1	   UOB	   53.65	   0.10	   0.70	   1.48	   3.95	   0.15	   18.28	   21.63	   0.20	   89.01	  
cpx1_B5_4_1	   UOB	   52.57	   	   0.65	   1.31	   3.90	   0.07	   17.24	   24.92	   0.10	   94.75	  
cpx2_B5_4_1	   UOB	   53.97	   0.08	   0.66	   1.06	   3.68	   0.12	   18.32	   22.11	   0.14	   89.75	  
cpx1_B5_1_1	   UOB	   53.05	   0.12	   0.73	   1.66	   4.04	   0.14	   17.59	   22.44	   0.21	   88.10	  
cpx1_B5_3_1	   UOB	   53.24	   0.12	   1.03	   1.64	   3.65	   0.14	   17.87	   22.08	   0.23	   88.69	  
cpx1_B5_9_1	   UOB	   54.07	   0.10	   0.60	   1.35	   3.23	   0.16	   18.48	   21.63	   0.17	   88.47	  
cpx1_B5_6_1	   UOB	   53.70	   0.09	   0.64	   1.13	   3.71	   0.14	   18.47	   22.02	   0.16	   89.87	  
cpx1_B5_2_1	   UOB	   53.58	   0.08	   0.60	   1.10	   4.20	   0.14	   18.27	   22.03	   0.21	   89.68	  
67-­‐02B(6)_18	   ANU	   55.00	   0.06	   0.44	   1.89	   2.63	   0.08	   17.48	   22.37	   0.21	   92.25	  
67-­‐02B(6)_16	   ANU	   54.94	   0.11	   0.70	   1.43	   4.54	   0.15	   17.48	   20.69	   0.17	   87.38	  
67-­‐02B(6)_11	   ANU	   55.41	   0.03	   0.73	   1.17	   1.67	   0.06	   16.86	   23.98	   0.09	   94.74	  
67-­‐02B(6)_19	   ANU	   55.40	   0.06	   0.64	   0.95	   3.68	   0.14	   18.19	   20.99	   0.15	   89.88	  
67-­‐02B(6)_4	   ANU	   55.72	   	   0.59	   1.11	   1.74	   0.07	   17.01	   23.67	   0.13	   94.58	  
67-­‐02B(6)_5	   ANU	   55.47	   	   0.92	   1.63	   1.96	   0.08	   17.17	   22.81	   0.16	   94.03	  
67-­‐02B(6)_1	   ANU	   55.43	   0.04	   0.82	   1.36	   1.76	   0.08	   17.05	   23.69	   0.11	   94.59	  
cpx1_B6_9_1	   UOB	   53.05	   0.11	   0.54	   1.92	   2.59	   0.10	   17.05	   24.64	   0.09	   91.75	  
cpx3_B6_4_1	   UOB	   53.04	   0.14	   0.60	   2.78	   2.49	   0.08	   17.65	   23.05	   0.27	   92.35	  
cpx1_B6_10_1	   UOB	   53.12	   0.10	   0.49	   1.84	   2.57	   0.09	   17.26	   24.50	   0.12	   91.81	  
cpx3_B6_7_1	   UOB	   53.35	   0.12	   1.01	   2.13	   2.52	   0.08	   17.56	   22.97	   0.24	   92.38	  
cpx2_B6_6_1	   UOB	   53.46	   0.10	   0.57	   1.85	   2.04	   0.09	   17.15	   24.61	   0.11	   93.50	  
cpx3_B6_1_1	   UOB	   53.25	   0.11	   0.56	   2.14	   2.14	   0.09	   17.21	   24.42	   0.16	   93.17	  
cpx2_B6_4_1	   UOB	   53.40	   0.11	   0.50	   1.84	   2.35	   0.09	   17.12	   24.50	   0.11	   92.58	  
cpx2_B6_3_1	   UOB	   53.43	   0.10	   0.48	   1.83	   2.48	   0.08	   17.30	   24.22	   0.10	   92.30	  
cpx2_B6_10_1	   UOB	   53.33	   0.10	   0.66	   1.73	   2.06	   0.08	   17.33	   24.70	   0.11	   93.39	  
cpx3_B6_2_1	   UOB	   53.43	   0.09	   0.56	   1.83	   2.05	   0.08	   17.27	   24.62	   0.12	   93.47	  
cpx2_B6_7_1	   UOB	   53.33	   0.09	   0.65	   1.88	   2.01	   0.08	   17.45	   24.52	   0.11	   93.60	  
cpx3_B6_6_1	   UOB	   53.57	   0.09	   0.51	   1.76	   2.18	   0.09	   17.23	   24.46	   0.10	   93.16	  
cpx1_B6_7_1	   UOB	   53.38	   0.07	   0.71	   1.35	   3.79	   0.14	   18.20	   22.27	   0.17	   89.11	  
cpx3_B6_3_1	   UOB	   53.39	   0.09	   0.46	   1.65	   2.45	   0.10	   17.23	   24.65	   0.11	   92.26	  
cpx2_B6_8_1	   UOB	   53.36	   0.09	   0.56	   1.89	   2.13	   0.09	   17.33	   24.53	   0.13	   93.23	  
cpx2_B6_2_1	   UOB	   53.33	   0.11	   0.51	   2.03	   2.24	   0.08	   17.62	   24.10	   0.15	   93.02	  
cpx1_B6_6_1	   UOB	   53.52	   0.07	   0.76	   1.54	   2.61	   0.10	   18.60	   22.72	   0.19	   92.25	  
cpx2_B6_5_1	   UOB	   53.46	   0.08	   0.61	   1.51	   2.37	   0.09	   17.15	   24.75	   0.13	   92.49	  
cpx1_B6_8_1	   UOB	   53.72	   0.08	   0.74	   1.31	   2.76	   0.11	   18.58	   22.63	   0.17	   91.95	  
cpx3_B6_9_1	   UOB	   53.92	   0.07	   0.65	   1.32	   2.89	   0.11	   18.47	   22.47	   0.15	   91.72	  
cpx2_B6_9_1	   UOB	   54.02	   0.08	   0.63	   1.19	   2.74	   0.10	   18.46	   22.62	   0.16	   92.09	  
cpx2_B6_1_1	   UOB	   53.85	   0.06	   0.32	   1.31	   2.11	   0.07	   17.83	   24.41	   0.13	   93.41	  
cpx3_B6_8_1	   UOB	   53.99	   0.06	   0.77	   1.33	   2.90	   0.12	   18.62	   22.07	   0.19	   91.78	  
cpx3_B6_5_1	   UOB	   54.02	   0.08	   0.57	   1.38	   2.16	   0.09	   18.15	   23.50	   0.18	   93.55	  
cpx1_B6_3_1	   UOB	   52.32	   0.16	   0.70	   3.03	   3.18	   0.10	   17.29	   22.98	   0.23	   90.09	  
cpx1_B6_5_1	   UOB	   52.50	   0.17	   0.63	   2.70	   3.38	   0.12	   17.31	   22.91	   0.20	   89.60	  
cpx1_B6_4_1	   UOB	   53.12	   0.11	   0.61	   2.08	   2.27	   0.09	   17.23	   24.45	   0.15	   92.75	  
cpx1_B6_2_1	   UOB	   53.77	   0.07	   0.62	   1.30	   2.80	   0.10	   18.38	   22.80	   0.18	   91.75	  
cpx1_B6_1_1	   UOB	   53.63	   0.07	   0.65	   1.41	   2.63	   0.10	   18.26	   23.22	   0.13	   92.17	  
67-­‐02B(7)-­‐2_7	   UOB	   53.90	   	   0.64	   1.38	   1.59	   0.07	   17.60	   24.74	   0.09	   95.17	  
67-­‐02B(7)-­‐2_9	   UOB	   53.75	   	   0.84	   1.61	   1.62	   0.08	   17.38	   24.71	   0.08	   95.05	  
67-­‐02B(7)-­‐2_10	   UOB	   53.99	   	   0.58	   1.37	   1.61	   	   17.56	   24.82	   0.08	   95.12	  
67-­‐02B(7)-­‐2_14	   UOB	   54.48	   	   0.29	   0.87	   1.64	   0.07	   18.01	   24.68	   0.08	   95.15	  
67-­‐02B(7)-­‐2_4	   UOB	   54.63	   	   0.27	   0.88	   1.61	   	   17.86	   24.76	   0.07	   95.20	  
67-­‐02B(7)-­‐2_2	   UOB	   54.52	   	   0.30	   1.58	   1.89	   	   18.88	   22.66	   0.26	   94.71	  
67-­‐02D(1)_12	   ANU	   55.13	   	   0.66	   1.31	   1.74	   0.08	   17.04	   24.02	   0.08	   94.58	  
67-­‐02D(1)_10	   ANU	   55.71	   	   0.60	   1.00	   1.68	   0.07	   17.03	   23.70	   0.04	   94.73	  
67-­‐02D(1)_2	   ANU	   55.63	   	   0.67	   1.47	   1.79	   0.07	   17.12	   23.07	   0.08	   94.44	  
67-­‐02D(1)_15	   ANU	   55.22	   	   0.69	   1.46	   1.92	   0.10	   17.24	   23.45	   0.05	   94.15	  
67-­‐02D(2)_2	   ANU	   54.25	   0.10	   0.80	   1.39	   1.80	   0.16	   17.89	   23.51	   0.20	   94.68	  
67-­‐02D(2)_15	   ANU	   54.63	   0.17	   0.69	   1.19	   3.69	   0.23	   18.57	   20.53	   0.24	   89.94	  
67-­‐02D(2)_12	   ANU	   54.77	   0.08	   0.81	   1.13	   2.07	   0.18	   17.59	   23.26	   0.24	   93.83	  
67-­‐02D(2)_7	   ANU	   54.41	   0.10	   0.81	   1.28	   1.59	   0.17	   17.75	   24.05	   0.16	   95.29	  
67-­‐02D(2)_13	   ANU	   54.81	   0.09	   0.73	   1.00	   1.85	   0.15	   17.59	   23.85	   0.20	   94.50	  
67-­‐02D(3)-­‐1_9	   ANU	   55.41	   0.11	   0.39	   0.48	   1.51	   0.13	   17.83	   24.09	   0.14	   95.47	  
67-­‐02D(3)-­‐2_10	   ANU	   55.23	   	   0.32	   1.36	   1.77	   	   18.87	   22.04	   0.21	   94.95	  
67-­‐02D(3)-­‐2_11	   ANU	   54.69	   	   0.46	   1.60	   1.98	   	   18.24	   22.54	   0.22	   94.19	  
67-­‐02D(3)-­‐2_4	   ANU	   55.48	   	   0.21	   0.69	   1.51	   	   17.92	   23.73	   0.26	   95.46	  
67-­‐02D(3)-­‐3_5	   ANU	   56.07	   	   0.50	   0.87	   0.95	   	   19.03	   22.23	   0.19	   97.27	  
67-­‐02D(3)-­‐3_9	   ANU	   54.88	   	   0.56	   1.43	   1.67	   	   17.94	   23.15	   0.23	   95.01	  
cpx1_D4_4_1	   UOB	   52.38	   0.08	   1.70	   3.18	   2.41	   0.08	   18.50	   21.47	   0.27	   92.79	  
cpx1_D4_10_1	   UOB	   53.15	   0.06	   0.73	   1.88	   2.00	   0.07	   17.37	   24.75	   0.05	   93.55	  
cpx1_D4_7_1	   UOB	   53.28	   0.10	   0.79	   2.10	   2.70	   0.09	   17.96	   22.82	   0.21	   91.91	  
cpx1_D4_8_1	   UOB	   53.64	   0.04	   1.12	   1.66	   1.59	   0.05	   17.83	   23.93	   0.13	   95.08	  
cpx1_D4_9_1	   UOB	   53.46	   0.04	   0.64	   1.43	   1.76	   0.07	   17.58	   25.07	   	   94.27	  
cpx2_D4_3_1	   UOB	   54.16	   0.06	   0.77	   1.40	   1.56	   0.04	   18.24	   23.71	   0.13	   95.37	  
cpx2_D4_4_1	   UOB	   54.32	   	   0.23	   0.74	   1.69	   0.06	   17.94	   25.01	   0.04	   94.71	  
cpx2_D4_1_1	   UOB	   54.32	   	   0.43	   1.25	   1.56	   0.04	   18.38	   23.96	   0.11	   95.30	  
cpx2_D4_5_1	   UOB	   54.40	   	   0.12	   0.58	   1.55	   0.06	   17.90	   25.48	   	   95.08	  
cpx2_D4_2_1	   UOB	   54.57	   	   0.10	   0.59	   1.33	   0.06	   17.68	   25.81	   	   95.82	  
cpx1_D4_3_1	   UOB	   53.57	   0.03	   0.69	   1.39	   1.73	   0.07	   17.51	   24.94	   0.06	   94.37	  
cpx1_D4_2_1	   UOB	   53.43	   	   0.71	   1.65	   1.96	   0.07	   17.48	   24.71	   0.07	   93.75	  
cpx1_D4_5_1	   UOB	   53.66	   	   0.60	   1.25	   1.70	   0.07	   17.55	   25.23	   0.06	   94.46	  
cpx1_D4_1_1	   UOB	   54.08	   0.03	   0.34	   1.19	   2.34	   0.08	   18.78	   23.09	   0.11	   93.13	  
cpx1_D4_6_1	   UOB	   54.27	   0.03	   0.61	   0.90	   1.41	   0.04	   18.58	   24.14	   0.08	   95.66	  
67-­‐02D(5)-­‐1_10	   UOB	   54.20	   	   0.52	   1.09	   2.42	   0.09	   18.14	   23.32	   0.26	   93.05	  
67-­‐02D(5)-­‐1_16	   UOB	   53.94	   	   0.59	   1.34	   2.34	   0.07	   18.00	   23.61	   0.26	   93.24	  
67-­‐02D(6)_10	   UOB	   55.01	   0.03	   0.33	   0.58	   1.85	   0.07	   18.98	   23.00	   0.11	   94.81	  
67-­‐02D(6)_9	   UOB	   54.99	   0.06	   0.38	   0.52	   1.43	   	   18.88	   23.63	   0.17	   95.93	  
67-­‐02D(7)_8	   UOB	   53.20	   0.14	   0.74	   2.00	   2.45	   0.11	   18.15	   23.09	   0.18	   92.98	  
67-­‐02D(7)_17	   UOB	   53.51	   0.06	   0.86	   2.11	   2.48	   0.08	   17.91	   22.83	   0.21	   92.80	  
67-­‐02D(7)_11	   UOB	   53.37	   	   0.69	   2.09	   2.41	   0.09	   17.67	   23.54	   0.25	   92.93	  
67-­‐02D(7)_9	   UOB	   53.50	   0.03	   0.72	   1.78	   2.42	   0.10	   18.25	   23.07	   0.20	   93.09	  
67-­‐02D(7)_7	   UOB	   53.56	   	   0.87	   1.53	   2.57	   0.09	   18.44	   22.84	   0.27	   92.80	  
cpx1_E1_10_1	   UOB	   53.17	   0.04	   0.95	   1.90	   1.84	   0.09	   17.28	   24.75	   0.06	   94.06	  
cpx1_E1_8_1	   UOB	   53.48	   0.08	   0.60	   1.59	   1.70	   0.09	   17.62	   24.74	   0.08	   94.46	  
cpx1_E1_2_1	   UOB	   53.42	   0.05	   0.85	   1.88	   1.70	   0.08	   17.28	   24.76	   0.08	   94.59	  
cpx2_E1_6_1	   UOB	   53.51	   0.09	   0.40	   2.04	   1.77	   0.07	   17.27	   24.87	   0.07	   94.39	  
cpx2_E1_3_1	   UOB	   53.55	   0.11	   0.27	   1.96	   1.75	   0.08	   17.38	   24.95	   0.07	   94.40	  
cpx2_E1_9_1	   UOB	   53.66	   0.09	   0.36	   1.84	   1.68	   0.08	   17.36	   24.93	   0.06	   94.66	  
cpx2_E1_8_1	   UOB	   53.65	   0.05	   0.51	   1.72	   1.82	   0.08	   17.59	   24.56	   0.10	   94.25	  
cpx2_E1_7_1	   UOB	   53.56	   0.06	   0.71	   1.42	   1.59	   0.08	   17.49	   25.14	   0.08	   94.81	  
cpx3_E1_1_1	   UOB	   53.64	   0.12	   0.20	   1.89	   1.85	   0.07	   17.26	   25.02	   0.05	   94.18	  
cpx2_E1_5_1	   UOB	   53.83	   0.05	   0.44	   1.65	   1.91	   0.08	   17.52	   24.46	   0.08	   94.09	  
cpx1_E1_9_1	   UOB	   53.96	   0.04	   0.37	   1.05	   1.58	   0.07	   17.71	   25.15	   0.06	   94.87	  
cpx2_E1_4_1	   UOB	   53.69	   0.09	   0.23	   1.78	   1.77	   0.07	   17.45	   24.99	   0.05	   94.40	  
cpx2_E1_1_1	   UOB	   53.73	   0.06	   0.61	   1.49	   1.84	   0.08	   17.51	   24.71	   0.11	   94.19	  
cpx1_E1_1_1	   UOB	   53.98	   0.04	   0.39	   1.02	   1.63	   0.08	   17.85	   24.97	   0.07	   94.75	  
cpx3_E1_2_1	   UOB	   54.01	   0.07	   0.24	   1.42	   1.74	   0.07	   17.54	   25.01	   0.06	   94.60	  
cpx1_E1_7_1	   UOB	   53.29	   0.09	   0.26	   1.92	   1.73	   0.08	   17.49	   25.15	   0.08	   94.23	  
cpx1_E1_4_1	   UOB	   53.52	   0.06	   0.58	   1.88	   1.75	   0.08	   17.54	   24.59	   0.07	   94.46	  
cpx1_E1_3_1	   UOB	   53.50	   0.06	   0.72	   1.78	   1.71	   0.07	   17.23	   24.94	   0.09	   94.53	  
cpx1_E1_5_1	   UOB	   53.72	   0.05	   0.56	   1.23	   1.55	   0.07	   17.66	   25.11	   0.05	   94.92	  
cpx1_E1_6_1	   UOB	   54.26	   	   0.43	   0.77	   1.47	   0.06	   17.80	   25.20	   0.06	   95.32	  
67-­‐02E(2)_4	   UOB	   53.85	   	   0.66	   1.53	   1.75	   0.09	   18.16	   23.88	   	   94.87	  
67-­‐02E(2)_14	   UOB	   53.67	   	   0.75	   1.54	   1.75	   0.07	   17.43	   24.80	   0.09	   94.67	  
67-­‐02E(2)_9	   UOB	   53.93	   	   0.64	   1.53	   1.82	   	   17.44	   24.53	   0.11	   94.48	  
67-­‐02E(2)_8	   UOB	   53.83	   	   0.78	   1.62	   1.75	   0.08	   17.65	   24.33	   0.07	   94.75	  
67-­‐02E(2)_7	   UOB	   53.99	   	   0.74	   1.45	   1.60	   0.07	   17.39	   24.83	   0.05	   95.11	  
67-­‐02E(2)_2	   UOB	   54.10	   	   0.49	   1.11	   1.55	   0.07	   17.64	   25.12	   0.07	   95.32	  
67-­‐02E(3)_9	   UOB	   53.08	   	   0.66	   2.86	   2.74	   0.09	   17.17	   23.26	   0.19	   91.81	  
67-­‐02E(3)_15	   UOB	   53.35	   	   0.52	   2.37	   2.52	   0.07	   17.81	   23.33	   0.16	   92.68	  
67-­‐02E(3)_3	   UOB	   54.09	   	   0.47	   1.10	   2.05	   0.09	   17.65	   24.59	   0.16	   93.94	  
67-­‐02E(3)_4	   UOB	   54.20	   	   0.79	   1.31	   1.81	   	   18.04	   23.66	   0.31	   94.71	  
67-­‐02E(5)_8	   UOB	   53.65	   	   0.76	   1.71	   2.15	   0.08	   17.37	   24.26	   0.15	   93.53	  
67-­‐02E(5)_10	   UOB	   53.71	   	   0.58	   1.39	   1.65	   0.08	   17.54	   25.05	   0.10	   95.00	  
67-­‐02E(5)_4	   UOB	   54.14	   	   0.28	   0.79	   1.65	   	   17.91	   25.20	   0.05	   95.09	  
67-­‐02E(5)_5	   UOB	   54.10	   	   0.42	   0.88	   1.57	   	   17.79	   25.28	   	   95.30	  
67-­‐02E(6)_15	   UOB	   52.88	   0.04	   1.23	   3.18	   2.47	   0.07	   17.31	   22.69	   0.27	   92.63	  
67-­‐02E(6)_11	   UOB	   54.08	   	   0.35	   1.77	   2.41	   	   17.59	   23.64	   0.14	   92.89	  
67-­‐02E(6)_16	   UOB	   54.58	   	   0.59	   0.65	   1.50	   	   17.48	   25.05	   0.18	   95.43	  
67-­‐02E(6)_4	   UOB	   54.66	   	   0.67	   1.30	   1.58	   	   18.68	   22.90	   0.22	   95.50	  	  
Table C.4. Representative Spinel Analyses 
 
Analysis	  #	   Institution	   TiO2	   Al2O3	   Cr2O3	   FeO*	   MnO	   MgO	   Mg#	   Cr#	   Fe#	  
62-­‐01(1)_5	   UOB	   0.11	   12.17	   52.74	   27.08	   0.71	   7.44	   37.38	   73.45	   6.42	  
62-­‐01(1)_8	   UOB	   0.12	   10.90	   54.49	   26.11	   0.72	   7.79	   39.27	   74.40	   6.27	  
62-­‐01(1)_9	   UOB	   0.04	   5.12	   60.18	   26.37	   0.72	   7.42	   37.36	   77.04	   6.01	  
62-­‐01(1)_11	   UOB	   0.10	   10.50	   55.11	   26.55	   0.73	   7.26	   37.08	   77.38	   6.13	  
62-­‐01(1)_3	   UOB	   0.11	   12.90	   53.17	   25.16	   0.74	   7.76	   39.13	   77.89	   5.30	  
62-­‐01(1)_1	   UOB	   0.12	   10.88	   55.48	   25.15	   0.76	   7.38	   37.47	   81.93	   4.80	  
62-­‐01(2)_6	   UOB	   0.05	   5.10	   59.97	   26.79	   0.74	   7.29	   37.90	   89.05	   7.94	  
62-­‐01(2)_1	   UOB	   0.06	   4.95	   59.98	   27.77	   0.77	   6.69	   35.34	   88.74	   8.28	  
62-­‐01(2)_8	   UOB	   0.04	   5.02	   59.76	   27.83	   0.80	   6.46	   33.88	   88.75	   7.85	  
62-­‐02(1)_8	   ANU	   0.13	   8.52	   54.46	   22.29	   0.20	   14.62	   62.72	   26.17	   7.91	  
62-­‐02(1)_10	   ANU	   0.36	   29.25	   28.41	   32.04	   0.34	   8.90	   41.87	   45.50	   14.18	  
62-­‐02(1)_7	   ANU	   0.07	   38.40	   20.29	   36.59	   0.37	   6.24	   32.58	   48.75	   17.15	  
62-­‐02(4)_7	   UOB	   	   23.47	   42.51	   26.80	   0.72	   7.29	   38.19	   78.58	   7.19	  
62-­‐02(4)_14	   UOB	   0.14	   9.61	   55.01	   27.24	   0.78	   7.23	   36.72	   79.31	   7.05	  
62-­‐02(4)_16	   UOB	   0.13	   9.12	   55.35	   27.70	   0.78	   6.86	   35.06	   79.35	   7.21	  
62-­‐02(4)_1	   UOB	   0.16	   9.63	   55.00	   28.36	   0.79	   6.34	   33.34	   81.10	   7.95	  
62-­‐02(4)_4	   UOB	   0.16	   10.04	   54.88	   27.25	   0.79	   6.87	   35.53	   80.28	   7.18	  
63-­‐01(1)_21	   ANU	   	   23.69	   44.92	   17.26	   0.14	   13.67	   62.36	   57.04	   3.65	  
63-­‐01(1)_7	   ANU	   0.03	   24.47	   43.77	   16.68	   0.15	   14.27	   63.42	   56.04	   3.27	  
63-­‐01(1)_17	   ANU	   0.07	   14.85	   53.01	   17.35	   0.15	   14.28	   64.90	   56.07	   4.93	  
63-­‐01(1)_15	   ANU	   	   22.17	   45.42	   17.59	   0.16	   14.62	   67.51	   68.81	   6.59	  
63-­‐01(1)_10	   ANU	   0.03	   22.69	   45.16	   16.78	   0.16	   15.00	   69.65	   64.09	   6.92	  
63-­‐01(1)_8	   ANU	   0.06	   22.49	   46.02	   17.20	   0.18	   13.87	   64.07	   54.55	   4.56	  
63-­‐01(1)_2	   ANU	   	   23.15	   45.80	   16.35	   0.18	   14.13	   67.37	   76.58	   6.03	  
63-­‐01(1)_18	   ANU	   	   24.28	   44.12	   16.57	   0.18	   14.74	   69.72	   70.55	   6.95	  
63-­‐01(1)_1	   ANU	   0.09	   18.56	   49.37	   16.23	   0.19	   15.08	   66.57	   54.86	   3.98	  
63-­‐01(1)_12	   ANU	   0.10	   15.97	   52.48	   18.29	   0.19	   12.92	   59.94	   57.36	   3.82	  
63-­‐01(1)_16	   ANU	   0.04	   23.56	   44.82	   17.70	   0.20	   13.19	   60.03	   57.89	   3.24	  
63-­‐01(1)_11	   ANU	   	   22.78	   45.66	   17.88	   0.20	   13.14	   60.34	   57.19	   3.58	  
63-­‐01(1)_24	   ANU	   	   24.18	   44.89	   16.51	   0.21	   13.93	   63.69	   56.00	   3.34	  
63-­‐01(1)_6	   ANU	   	   23.72	   45.05	   16.91	   0.22	   13.87	   62.99	   55.48	   3.31	  
63-­‐01(1)_1a	   ANU	   0.03	   11.66	   56.80	   16.74	   0.24	   14.23	   64.09	   54.94	   3.54	  
63-­‐01(2)_10	   ANU	   0.05	   21.10	   41.68	   26.49	   0.15	   11.89	   59.08	   63.46	   14.75	  
63-­‐01(2)_5	   ANU	   0.10	   19.67	   48.16	   17.07	   0.16	   14.36	   67.02	   73.76	   6.47	  
63-­‐01(2)_19	   ANU	   0.29	   10.19	   56.82	   17.41	   0.16	   14.43	   64.53	   57.00	   5.00	  
63-­‐01(2)_6	   ANU	   0.06	   22.62	   45.71	   19.42	   0.18	   12.19	   58.47	   62.16	   5.11	  
63-­‐01(2)_6	   ANU	   0.07	   14.93	   54.33	   16.70	   0.20	   13.63	   62.07	   57.56	   2.54	  
63-­‐01(2)_7	   ANU	   0.08	   23.35	   45.25	   15.55	   0.20	   15.06	   68.91	   70.95	   5.05	  
63-­‐01(2)_4	   ANU	   0.07	   12.74	   53.38	   21.07	   0.21	   12.89	   63.15	   73.09	   10.12	  
63-­‐01(2)_9	   ANU	   0.03	   11.15	   57.19	   17.48	   0.21	   13.80	   63.64	   56.53	   4.60	  
63-­‐01(2)_3	   ANU	   0.29	   13.02	   52.69	   20.67	   0.24	   12.41	   59.47	   78.91	   8.49	  
63-­‐01(3)-­‐2_18	   UOB	   0.06	   14.96	   51.97	   18.34	   0.51	   13.74	   64.93	   78.92	   7.24	  
63-­‐01(3)-­‐2_14	   UOB	   	   10.33	   57.63	   18.16	   0.51	   13.40	   65.09	   77.49	   7.12	  
63-­‐01(4)_5	   UOB	   0.24	   13.44	   50.50	   22.26	   0.55	   11.81	   53.10	   63.32	   6.06	  
63-­‐01(4)_10	   UOB	   0.09	   13.65	   51.89	   24.40	   0.56	   9.36	   45.90	   69.99	   6.52	  
63-­‐01(4)_15	   UOB	   0.06	   13.81	   52.18	   24.10	   0.59	   9.17	   45.97	   74.42	   6.93	  
63-­‐01(4)_12	   UOB	   0.07	   12.20	   52.88	   25.02	   0.60	   9.08	   44.54	   71.84	   6.82	  
63-­‐01(4)_3	   UOB	   0.08	   18.39	   47.32	   24.87	   0.60	   9.02	   44.90	   71.72	   6.70	  
65-­‐01B_4	   ANU	   0.19	   14.66	   47.71	   29.15	   0.24	   8.86	   45.00	   62.19	   12.98	  
65-­‐01B_17	   ANU	   0.26	   15.96	   39.12	   37.62	   0.25	   8.54	   43.95	   64.76	   24.40	  
67-­‐02A(1)-­‐2_11	   ANU	   0.22	   13.57	   52.25	   25.54	   0.31	   7.82	   38.79	   70.57	   5.32	  
67-­‐02A(1)-­‐1_13	   ANU	   0.18	   12.65	   52.84	   24.64	   0.31	   8.84	   42.18	   69.40	   4.76	  
67-­‐02A(1)-­‐2_5	   ANU	   	   22.91	   43.39	   26.77	   0.32	   7.36	   37.44	   68.65	   5.85	  
67-­‐02A(1)-­‐1_20	   ANU	   0.23	   14.15	   50.57	   26.93	   0.36	   7.53	   36.73	   69.31	   5.50	  
67-­‐02A(1)-­‐2_2	   ANU	   0.16	   15.20	   50.50	   25.73	   0.37	   8.03	   39.53	   69.26	   5.26	  
67-­‐02A(1)-­‐2_14	   ANU	   0.15	   15.08	   50.63	   26.66	   0.37	   7.00	   34.88	   72.11	   4.85	  
67-­‐02A(1)-­‐2_3	   ANU	   0.22	   15.38	   50.19	   25.50	   0.37	   7.85	   38.03	   69.03	   4.35	  
67-­‐02A(1)-­‐1_19	   ANU	   0.18	   14.97	   50.40	   27.10	   0.38	   6.92	   34.94	   73.70	   5.94	  
spi2_A1_8_1	   UOB	   0.25	   14.19	   49.70	   27.80	   0.67	   7.55	   37.55	   68.64	   7.27	  
spi1_A1_17_1	   UOB	   0.20	   14.24	   49.58	   27.40	   0.67	   8.00	   39.50	   67.91	   7.51	  
spi1_A1_24_1	   UOB	   0.21	   13.89	   49.82	   27.54	   0.68	   7.80	   38.45	   68.73	   7.31	  
spi2_A1_7_1	   UOB	   0.23	   14.92	   48.67	   28.19	   0.68	   7.45	   37.06	   68.51	   7.58	  
spi2_A1_13_1	   UOB	   0.17	   14.75	   49.84	   28.06	   0.68	   7.23	   36.95	   69.88	   7.61	  
spi1_A1_12_1	   UOB	   0.24	   14.00	   50.27	   26.55	   0.68	   8.00	   39.21	   69.76	   6.41	  
spi2_A1_12_1	   UOB	   0.22	   14.37	   49.69	   26.84	   0.68	   7.99	   39.10	   68.86	   6.63	  
spi2_A1_10_1	   UOB	   0.22	   14.99	   49.39	   27.15	   0.68	   7.66	   38.07	   69.25	   6.71	  
spi1_A1_15_1	   UOB	   0.26	   15.22	   49.09	   27.32	   0.68	   7.47	   37.32	   70.44	   6.84	  
spi1_A1_1_1	   UOB	   0.24	   14.74	   49.24	   27.66	   0.68	   7.46	   36.99	   68.59	   6.87	  
spi1_A1_11_1	   UOB	   0.26	   14.44	   49.62	   27.80	   0.68	   7.43	   37.12	   68.72	   7.12	  
spi1_A1_22_1	   UOB	   0.20	   15.13	   49.07	   25.84	   0.69	   8.55	   41.38	   69.77	   6.44	  
spi1_A1_8_1	   UOB	   0.23	   14.05	   49.77	   28.19	   0.69	   7.20	   36.04	   71.01	   7.37	  
spi1_A1_20_1	   UOB	   0.24	   14.00	   50.24	   27.36	   0.69	   7.54	   37.66	   70.03	   7.01	  
spi1_A1_23_1	   UOB	   0.20	   14.86	   48.65	   28.51	   0.69	   7.31	   36.73	   68.52	   8.14	  
spi1_A1_2_1	   UOB	   0.19	   14.90	   48.63	   27.35	   0.70	   7.74	   37.70	   69.15	   6.87	  
spi1_A1_7_1	   UOB	   0.21	   13.83	   50.46	   26.77	   0.70	   7.89	   38.89	   69.73	   6.62	  
spi1_A1_16_1	   UOB	   0.23	   15.46	   48.75	   26.75	   0.70	   7.97	   39.11	   68.40	   6.55	  
spi2_A1_9_1	   UOB	   0.20	   14.76	   49.53	   27.37	   0.71	   7.49	   37.29	   70.15	   6.75	  
spi1_A1_9_1	   UOB	   0.19	   14.14	   49.70	   27.95	   0.71	   7.37	   36.68	   70.40	   7.23	  
spi1_A1_3_1	   UOB	   0.19	   14.52	   48.97	   29.16	   0.72	   7.01	   35.80	   68.66	   8.74	  
spi1_A1_13_1	   UOB	   0.21	   14.84	   49.00	   28.22	   0.72	   7.12	   35.77	   70.67	   7.40	  
spi1_A1_10_1	   UOB	   0.23	   14.99	   49.08	   27.60	   0.73	   7.33	   36.61	   70.23	   6.94	  
spi1_A1_6_1	   UOB	   0.24	   14.60	   50.13	   26.69	   0.73	   7.50	   37.34	   70.85	   6.01	  
spi1_A1_4_1	   UOB	   0.12	   13.25	   51.15	   26.91	   0.73	   7.57	   37.29	   69.35	   6.10	  
spi1_A1_21_1	   UOB	   0.28	   14.52	   49.92	   27.35	   0.74	   7.28	   36.50	   70.66	   6.49	  
spi1_A1_14_1	   UOB	   0.21	   14.07	   49.96	   27.65	   0.75	   7.40	   36.82	   68.91	   6.87	  
spi1_A1_5_1	   UOB	   0.19	   13.86	   50.20	   28.72	   0.76	   6.60	   33.75	   72.15	   7.44	  
spi2_A1_2_1	   UOB	   0.25	   15.25	   49.20	   26.87	   0.68	   7.70	   38.16	   70.82	   6.47	  
spi2_A1_3_1	   UOB	   0.18	   14.11	   50.39	   26.83	   0.69	   7.83	   38.78	   68.41	   6.55	  
spi2_A1_6_1	   UOB	   0.21	   15.11	   48.98	   27.39	   0.69	   7.43	   36.74	   70.56	   6.55	  
spi2_A1_1_1	   UOB	   0.27	   13.88	   50.20	   27.99	   0.69	   7.19	   36.30	   70.64	   7.41	  
67-­‐02A(2)-­‐1_12	   ANU	   	   23.60	   45.28	   18.10	   0.14	   12.67	   58.88	   55.72	   3.28	  
67-­‐02A(2)-­‐1_19	   ANU	   	   24.01	   45.29	   17.76	   0.20	   12.62	   58.47	   57.24	   2.46	  
67-­‐02A(2)-­‐2_23	   ANU	   	   23.67	   45.69	   17.32	   0.20	   12.85	   58.65	   56.01	   1.84	  
67-­‐02A(2)-­‐1_15	   ANU	   	   24.10	   44.95	   17.76	   0.21	   12.80	   58.82	   56.29	   2.53	  
67-­‐02A(2)-­‐2_6	   ANU	   0.15	   9.40	   58.92	   17.62	   0.21	   13.01	   58.30	   56.43	   2.15	  
67-­‐02A(2)-­‐1_16	   ANU	   	   23.06	   45.98	   17.79	   0.21	   12.72	   58.15	   55.58	   2.19	  
67-­‐02A(2)-­‐2_21	   ANU	   	   23.99	   45.50	   17.18	   0.21	   12.90	   59.06	   55.43	   1.87	  
67-­‐02A(2)-­‐1_1	   ANU	   	   23.74	   44.51	   18.03	   0.22	   13.02	   58.34	   56.51	   2.40	  
67-­‐02A(2)-­‐2_20	   ANU	   	   24.23	   44.91	   18.00	   0.22	   12.46	   57.97	   56.74	   2.68	  
67-­‐02A(2)-­‐1_5	   ANU	   	   23.19	   45.33	   17.91	   0.23	   13.03	   58.83	   55.87	   2.47	  
spi2_A2_8_1	   UOB	   	   23.32	   45.16	   18.39	   0.50	   12.77	   59.14	   55.70	   3.23	  
spi1_A2_14_1	   UOB	   	   23.43	   44.48	   18.85	   0.50	   12.94	   60.04	   55.71	   4.22	  
spi1_A2_2_1	   UOB	   	   23.02	   45.18	   18.32	   0.51	   13.05	   60.31	   55.66	   3.74	  
spi1_A2_15_1	   UOB	   	   23.56	   44.78	   18.66	   0.51	   12.60	   58.38	   56.02	   3.24	  
spi2_A2_7_1	   UOB	   	   23.69	   44.38	   18.86	   0.51	   12.73	   59.08	   56.39	   3.80	  
spi1_A2_10_1	   UOB	   	   23.56	   44.60	   18.57	   0.51	   12.73	   58.66	   57.25	   3.32	  
spi1_A2_8_1	   UOB	   	   23.23	   45.24	   18.03	   0.51	   13.07	   60.24	   55.69	   3.30	  
spi1_A2_20_1	   UOB	   	   23.45	   44.83	   18.82	   0.51	   12.59	   58.64	   56.56	   3.60	  
spi1_A2_17_1	   UOB	   	   22.43	   45.68	   18.88	   0.51	   12.52	   57.85	   56.20	   3.32	  
spi1_A2_7_1	   UOB	   	   23.74	   44.47	   18.57	   0.51	   12.84	   59.50	   56.13	   3.65	  
spi2_A2_6_1	   UOB	   	   23.26	   44.80	   19.09	   0.51	   12.45	   57.69	   55.82	   3.46	  
spi1_A2_1_1	   UOB	   	   23.67	   44.27	   18.98	   0.51	   12.64	   58.58	   55.97	   3.79	  
spi1_A2_11_1	   UOB	   	   22.77	   45.52	   18.68	   0.52	   12.67	   59.10	   55.95	   3.73	  
spi1_A2_22_1	   UOB	   	   23.52	   44.66	   18.79	   0.52	   12.53	   57.86	   56.42	   3.19	  
spi1_A2_12_1	   UOB	   	   23.67	   44.77	   18.12	   0.52	   12.92	   59.68	   57.30	   3.26	  
spi1_A2_9_1	   UOB	   	   22.81	   45.53	   18.93	   0.52	   12.33	   57.34	   56.65	   3.15	  
spi1_A2_5_1	   UOB	   	   23.30	   44.74	   18.33	   0.52	   13.12	   60.76	   56.68	   4.10	  
spi1_A2_4_1	   UOB	   	   22.92	   44.68	   18.98	   0.52	   13.01	   60.49	   56.95	   4.80	  
spi1_A2_16_1	   UOB	   	   23.44	   44.81	   18.76	   0.52	   12.53	   57.96	   56.06	   3.18	  
spi1_A2_13_1	   UOB	   	   23.67	   44.36	   18.84	   0.53	   12.63	   58.29	   55.94	   3.44	  
spi1_A2_19_1	   UOB	   	   23.14	   44.89	   19.02	   0.53	   12.54	   58.53	   57.30	   3.94	  
spi1_A2_21_1	   UOB	   	   23.43	   45.19	   17.99	   0.53	   12.89	   59.43	   56.20	   2.90	  
spi1_A2_6_1	   UOB	   	   23.40	   44.63	   18.51	   0.53	   13.06	   60.59	   56.30	   4.14	  
spi1_A2_18_1	   UOB	   	   22.59	   45.19	   19.25	   0.54	   12.53	   58.29	   57.75	   4.08	  
spi1_A2_3_1	   UOB	   	   22.79	   44.92	   18.92	   0.55	   12.78	   58.75	   56.84	   3.78	  
spi2_A2_3_1	   UOB	   	   23.12	   45.12	   18.17	   0.50	   13.21	   60.78	   54.94	   3.63	  
spi2_A2_2_1	   UOB	   	   24.20	   43.97	   18.91	   0.50	   12.55	   58.02	   55.19	   3.33	  
spi2_A2_4_1	   UOB	   	   23.45	   44.93	   18.54	   0.52	   12.53	   57.92	   56.70	   2.99	  
spi2_A2_1_1	   UOB	   	   24.10	   44.23	   18.73	   0.52	   12.47	   57.98	   56.03	   3.29	  
spi2_A2_5_1	   UOB	   	   23.67	   44.57	   18.72	   0.54	   12.55	   58.25	   56.25	   3.38	  
67-­‐02A(3)_4	   ANU	   0.13	   9.09	   58.74	   18.25	   0.16	   13.13	   64.07	   80.74	   7.72	  
67-­‐02A(3)_8	   ANU	   0.13	   10.65	   55.82	   19.80	   0.17	   13.19	   63.81	   78.94	   9.12	  
67-­‐02A(3)_5	   ANU	   0.15	   9.24	   58.20	   18.39	   0.17	   13.26	   63.70	   81.26	   7.43	  
67-­‐02A(3)_2	   ANU	   0.13	   10.51	   56.76	   18.49	   0.18	   13.30	   63.92	   81.09	   7.76	  
67-­‐02A(3)_10	   ANU	   0.19	   8.53	   58.60	   18.87	   0.20	   13.12	   63.35	   81.07	   7.90	  
67-­‐02A(3)_1	   ANU	   0.12	   9.14	   58.33	   18.19	   0.20	   13.52	   64.60	   79.13	   7.34	  
67-­‐02A(3)_3	   ANU	   0.14	   9.20	   57.51	   18.91	   0.20	   13.51	   64.67	   78.38	   8.46	  
67-­‐02A(3)_12	   ANU	   0.19	   8.13	   58.45	   20.07	   0.21	   12.53	   61.47	   84.36	   8.99	  
67-­‐02A(3)_9	   ANU	   0.12	   25.35	   40.91	   19.08	   0.22	   13.63	   64.21	   77.86	   8.23	  
67-­‐02A(3)_11	   ANU	   0.25	   7.39	   59.44	   19.22	   0.22	   12.81	   61.72	   82.18	   7.77	  
67-­‐02A(3)_6	   ANU	   0.08	   10.37	   56.89	   19.36	   0.23	   12.88	   63.11	   80.86	   8.42	  
67-­‐02A(3)_7	   ANU	   0.16	   10.19	   56.93	   18.44	   0.23	   13.43	   63.68	   78.65	   7.16	  
67-­‐02A(3)_14	   ANU	   0.16	   9.35	   59.73	   17.78	   0.24	   11.76	   61.79	   83.80	   8.59	  
spi1_A3_14_1	   UOB	   0.26	   8.02	   59.16	   18.73	   0.53	   12.88	   58.24	   56.53	   3.37	  
spi1_A3_6_1	   UOB	   0.18	   8.44	   58.67	   18.77	   0.54	   13.07	   59.08	   55.57	   3.70	  
spi1_A3_20_1	   UOB	   0.24	   8.21	   58.51	   18.81	   0.55	   13.16	   59.28	   57.31	   4.00	  
spi2_A3_14_1	   UOB	   0.10	   9.96	   56.29	   20.42	   0.58	   12.68	   62.40	   80.43	   9.29	  
spi1_A3_13_1	   UOB	   	   22.89	   44.35	   19.81	   0.58	   12.71	   63.64	   81.17	   9.08	  
spi1_A3_5_1	   UOB	   	   23.41	   43.63	   20.35	   0.58	   12.40	   62.72	   83.22	   9.65	  
spi1_A3_15_1	   UOB	   	   22.38	   44.78	   19.99	   0.58	   12.57	   63.10	   83.19	   9.22	  
spi2_A3_8_1	   UOB	   0.23	   7.94	   57.81	   20.72	   0.59	   12.66	   62.21	   80.30	   9.69	  
spi1_A3_10_1	   UOB	   0.17	   8.87	   56.85	   20.94	   0.59	   12.68	   62.61	   80.48	   10.11	  
spi2_A3_9_1	   UOB	   0.19	   9.28	   56.81	   20.12	   0.59	   12.86	   63.09	   83.01	   9.39	  
spi1_A3_1_1	   UOB	   0.24	   9.21	   56.62	   19.86	   0.60	   13.04	   63.01	   80.80	   8.93	  
spi2_A3_7_1	   UOB	   0.24	   9.29	   56.43	   20.42	   0.60	   12.77	   62.19	   80.71	   9.27	  
spi1_A3_12_1	   UOB	   0.17	   8.90	   57.16	   20.44	   0.61	   12.67	   62.64	   81.55	   9.65	  
spi1_A3_2_1	   UOB	   0.17	   8.43	   57.10	   21.03	   0.61	   12.65	   62.44	   80.49	   10.31	  
spi1_A3_11_1	   UOB	   0.18	   8.71	   57.40	   19.78	   0.61	   13.03	   63.19	   81.13	   8.83	  
spi1_A3_23_1	   UOB	   0.18	   9.53	   56.41	   20.17	   0.61	   12.85	   62.70	   82.22	   9.23	  
spi2_A3_6_1	   UOB	   0.23	   9.13	   56.94	   20.02	   0.62	   12.85	   62.67	   81.00	   8.93	  
spi1_A3_3_1	   UOB	   0.16	   9.21	   56.99	   20.18	   0.62	   12.81	   63.23	   81.96	   9.52	  
spi1_A3_22_1	   UOB	   0.18	   8.36	   57.60	   20.23	   0.62	   12.95	   63.24	   78.26	   9.31	  
spi1_A3_7_1	   UOB	   0.22	   9.21	   56.57	   20.27	   0.62	   12.85	   62.52	   82.35	   9.21	  
spi1_A3_21_1	   UOB	   0.16	   10.31	   55.30	   20.95	   0.63	   12.62	   62.30	   82.71	   10.17	  
spi1_A3_4_1	   UOB	   0.25	   7.90	   58.36	   19.46	   0.63	   13.07	   63.38	   80.59	   8.54	  
spi2_A3_3_1	   UOB	   0.20	   9.20	   58.30	   18.44	   0.53	   12.87	   58.07	   55.72	   2.92	  
spi2_A3_1_1	   UOB	   0.23	   7.61	   58.03	   20.85	   0.58	   12.71	   62.43	   79.89	   9.86	  
spi2_A3_2_1	   UOB	   	   23.44	   43.95	   19.96	   0.59	   12.38	   62.50	   83.65	   9.02	  
spi2_A3_5_1	   UOB	   0.17	   8.98	   57.07	   20.41	   0.59	   12.73	   62.63	   82.01	   9.49	  
spi2_A3_4_1	   UOB	   0.20	   8.48	   57.65	   20.05	   0.62	   12.82	   62.60	   80.96	   8.94	  
67-­‐02A(4)_8	   ANU	   0.25	   15.80	   50.64	   20.27	   0.15	   12.79	   64.43	   84.60	   11.10	  
67-­‐02A(4)_20	   ANU	   0.27	   7.04	   57.61	   22.16	   0.21	   11.86	   53.39	   51.39	   5.73	  
67-­‐02A(4)_19	   ANU	   0.12	   25.28	   39.82	   22.66	   0.24	   11.47	   52.60	   51.99	   5.98	  
67-­‐02A(5)_9	   ANU	   0.07	   15.44	   52.05	   16.41	   0.13	   15.36	   69.40	   64.46	   6.21	  
67-­‐02A(5)_1	   ANU	   0.19	   18.53	   49.27	   16.78	   0.14	   14.70	   67.09	   64.42	   5.57	  
67-­‐02A(5)_15	   ANU	   0.24	   17.02	   52.13	   14.07	   0.14	   15.79	   68.93	   54.91	   2.42	  
67-­‐02A(5)_7	   ANU	   0.19	   18.11	   48.94	   18.17	   0.16	   14.30	   66.46	   63.36	   7.17	  
67-­‐02A(5)_14	   ANU	   	   24.30	   44.11	   17.76	   0.17	   13.81	   65.45	   64.09	   6.14	  
67-­‐02A(5)_2	   ANU	   0.33	   18.87	   48.62	   16.53	   0.22	   14.81	   67.74	   67.27	   5.92	  
spi1_A5_2_1	   UOB	   0.19	   17.44	   48.66	   18.78	   0.48	   14.44	   67.10	   63.41	   8.00	  
spi1_A5_9_1	   UOB	   0.11	   16.95	   48.78	   19.78	   0.48	   14.25	   66.86	   61.22	   8.96	  
spi1_A5_4_1	   UOB	   0.14	   17.03	   49.31	   18.97	   0.50	   14.26	   67.55	   66.29	   8.69	  
spi1_A5_14_1	   UOB	   0.28	   15.58	   51.18	   17.95	   0.50	   14.33	   66.09	   64.17	   6.46	  
spi1_A5_13_1	   UOB	   0.11	   18.25	   48.70	   18.28	   0.50	   14.25	   66.86	   65.89	   7.32	  
spi2_A5_1_1	   UOB	   0.22	   16.91	   48.03	   22.86	   0.51	   12.03	   58.49	   65.91	   9.65	  
spi1_A5_20_1	   UOB	   0.24	   16.92	   48.76	   18.30	   0.52	   14.76	   67.16	   65.78	   7.53	  
spi1_A5_5_1	   UOB	   0.29	   14.21	   52.64	   17.91	   0.52	   14.28	   66.38	   66.02	   6.70	  
spi2_A5_10_1	   UOB	   0.21	   17.42	   47.00	   23.90	   0.52	   11.82	   58.57	   66.36	   11.36	  
spi1_A5_1_1	   UOB	   0.21	   18.52	   47.83	   18.53	   0.52	   14.26	   66.74	   68.26	   7.85	  
spi1_A5_3_1	   UOB	   0.32	   16.81	   49.26	   18.17	   0.52	   14.70	   67.99	   65.19	   7.81	  
spi1_A5_17_1	   UOB	   0.13	   17.23	   49.37	   18.83	   0.52	   13.93	   65.82	   68.80	   7.85	  
spi1_A5_8_1	   UOB	   0.26	   19.76	   46.48	   18.36	   0.54	   14.29	   66.73	   71.32	   7.83	  
spi2_A5_8_1	   UOB	   0.24	   15.92	   49.86	   18.76	   0.54	   14.15	   64.88	   67.41	   7.24	  
spi2_A5_2_1	   UOB	   0.26	   16.15	   50.64	   18.35	   0.50	   14.05	   65.73	   65.59	   6.98	  
spi2_A5_7_1	   UOB	   0.26	   15.63	   48.18	   24.22	   0.51	   12.14	   59.67	   65.61	   12.05	  
spi2_A5_5_1	   UOB	   0.13	   16.86	   47.81	   23.06	   0.51	   12.42	   60.55	   64.40	   10.75	  
spi2_A5_6_1	   UOB	   0.48	   16.89	   48.00	   18.33	   0.52	   14.84	   66.02	   65.55	   7.00	  
spi2_A5_3_1	   UOB	   0.33	   17.68	   47.65	   18.50	   0.54	   14.63	   66.20	   67.79	   7.44	  
spi2_A5_9_1	   UOB	   0.44	   16.07	   47.24	   22.45	   0.55	   12.73	   59.42	   67.76	   9.73	  
67-­‐02A(6)_1	   UOB	   0.09	   15.29	   50.12	   24.07	   0.53	   9.97	   48.70	   69.34	   7.15	  
67-­‐02A(6)_8	   UOB	   	   23.68	   42.98	   24.46	   0.55	   9.36	   47.67	   68.52	   7.19	  
67-­‐02A(6)_7	   UOB	   0.08	   15.30	   49.63	   25.01	   0.56	   9.51	   46.52	   67.72	   7.39	  
67-­‐02A(6)_6	   UOB	   0.07	   15.73	   49.16	   24.20	   0.56	   10.24	   49.32	   67.76	   7.34	  
67-­‐02A(6)_5	   UOB	   0.08	   15.84	   49.61	   23.85	   0.58	   10.02	   48.83	   69.10	   6.93	  
67-­‐02A(6)_12	   UOB	   0.08	   15.11	   50.35	   24.15	   0.59	   9.75	   47.55	   68.74	   6.69	  
67-­‐02B(1)_6	   ANU	   	   23.40	   46.23	   17.10	   0.17	   12.81	   59.07	   58.72	   2.03	  
67-­‐02B(1)_7	   ANU	   	   24.79	   45.36	   16.89	   0.18	   12.39	   57.11	   57.00	   0.87	  
67-­‐02B(1)_5	   ANU	   	   22.35	   47.38	   17.71	   0.18	   12.02	   57.09	   60.23	   2.61	  
67-­‐02B(1)_3	   ANU	   	   21.91	   47.95	   16.95	   0.20	   12.47	   56.82	   55.92	   0.73	  
67-­‐02B(1)_23	   ANU	   	   24.34	   46.01	   15.79	   0.20	   13.24	   60.25	   54.97	   0.82	  
67-­‐02B(1)_8	   ANU	   0.09	   5.76	   64.19	   16.27	   0.20	   12.89	   58.28	   55.12	   0.52	  
67-­‐02B(1)_4	   ANU	   	   21.17	   47.77	   17.37	   0.21	   12.74	   58.00	   59.50	   2.12	  
67-­‐02B(1)_1	   ANU	   	   22.82	   46.73	   17.12	   0.23	   12.63	   57.90	   56.38	   1.54	  
67-­‐02B(1)_11	   ANU	   	   24.86	   45.23	   16.86	   0.23	   12.42	   57.75	   57.88	   1.37	  
spi2_B1_17_1	   UOB	   	   24.41	   45.24	   17.07	   0.49	   12.79	   58.63	   54.17	   1.26	  
spi1_B1_14_1	   UOB	   	   23.71	   45.25	   17.99	   0.50	   12.58	   58.01	   55.49	   2.19	  
spi1_B1_19_1	   UOB	   	   24.19	   45.12	   16.55	   0.50	   13.65	   62.30	   54.29	   2.28	  
spi2_B1_15_1	   UOB	   	   23.83	   45.17	   18.07	   0.51	   12.48	   57.20	   53.92	   1.75	  
spi1_B1_23_1	   UOB	   	   24.98	   44.52	   17.08	   0.51	   12.93	   59.58	   55.94	   1.83	  
spi1_B1_2_1	   UOB	   	   24.60	   44.60	   17.60	   0.51	   12.65	   58.14	   55.12	   1.77	  
spi2_B1_19_1	   UOB	   	   23.46	   45.18	   18.24	   0.51	   12.43	   56.68	   54.65	   1.86	  
spi1_B1_24_1	   UOB	   	   23.30	   45.80	   17.29	   0.51	   13.08	   59.84	   54.47	   2.08	  
spi1_B1_8_1	   UOB	   	   24.33	   44.63	   18.67	   0.51	   12.02	   56.22	   57.27	   2.38	  
spi1_B1_6_1	   UOB	   	   23.19	   45.94	   17.63	   0.51	   12.69	   58.07	   54.83	   1.69	  
spi1_B1_21_1	   UOB	   	   24.10	   44.83	   18.57	   0.51	   12.13	   56.48	   55.22	   2.28	  
spi2_B1_1_1	   UOB	   	   23.93	   44.86	   18.74	   0.51	   12.09	   56.41	   56.88	   2.49	  
spi1_B1_22_1	   UOB	   	   23.97	   45.34	   17.49	   0.51	   12.77	   59.06	   55.52	   2.07	  
spi1_B1_3_1	   UOB	   	   24.61	   44.51	   18.14	   0.52	   12.38	   57.58	   54.89	   2.21	  
spi1_B1_9_1	   UOB	   	   24.20	   44.95	   17.51	   0.52	   12.86	   59.20	   55.18	   2.11	  
spi1_B1_15_1	   UOB	   	   24.62	   44.40	   17.78	   0.52	   12.77	   59.22	   56.16	   2.56	  
spi1_B1_7_1	   UOB	   	   22.86	   45.65	   19.16	   0.52	   11.94	   55.69	   57.07	   2.68	  
spi1_B1_1_1	   UOB	   	   24.47	   44.77	   17.67	   0.53	   12.61	   58.08	   54.92	   1.79	  
spi2_B1_12_1	   UOB	   	   23.92	   45.00	   18.90	   0.54	   11.74	   54.94	   56.96	   2.10	  
spi1_B1_18_1	   UOB	   	   24.95	   44.16	   18.13	   0.54	   12.34	   57.10	   54.76	   1.90	  
spi1_B1_20_1	   UOB	   	   24.27	   44.60	   18.11	   0.54	   12.48	   57.48	   55.60	   2.11	  
spi2_B1_18_1	   UOB	   	   24.78	   44.49	   17.78	   0.49	   12.46	   57.41	   55.43	   1.66	  
spi2_B1_14_1	   UOB	   	   25.23	   43.99	   17.84	   0.50	   12.55	   58.08	   54.91	   2.02	  
spi2_B1_11_1	   UOB	   	   23.20	   45.75	   18.34	   0.50	   12.25	   56.60	   55.72	   1.99	  
spi2_B1_13_1	   UOB	   	   24.49	   44.44	   18.38	   0.51	   12.28	   56.89	   55.80	   2.15	  
spi2_B1_16_1	   UOB	   	   25.05	   44.12	   18.24	   0.52	   12.25	   57.14	   55.99	   2.18	  
67-­‐02B(2)_10	   ANU	   0.08	   5.28	   63.98	   17.04	   0.17	   12.93	   63.58	   89.30	   6.03	  
67-­‐02B(2)_9	   ANU	   	   24.70	   45.59	   18.91	   0.20	   10.57	   54.58	   89.16	   4.71	  
67-­‐02B(2)_4	   ANU	   0.10	   5.24	   64.21	   17.77	   0.22	   11.85	   58.53	   89.01	   4.72	  
67-­‐02B(2)_1	   ANU	   0.09	   5.16	   64.13	   18.23	   0.22	   11.67	   58.02	   89.22	   5.12	  
67-­‐02B(2)_6	   ANU	   0.07	   5.25	   64.55	   17.62	   0.22	   11.78	   58.63	   89.11	   4.62	  
67-­‐02B(2)_2	   ANU	   0.07	   5.28	   64.17	   18.18	   0.22	   11.53	   57.67	   89.05	   5.09	  
67-­‐02B(2)_8	   ANU	   0.05	   5.21	   63.93	   18.70	   0.23	   11.35	   56.58	   89.13	   5.17	  
67-­‐02B(2)_3	   ANU	   0.08	   5.31	   64.10	   18.45	   0.23	   11.44	   57.40	   89.08	   5.22	  
67-­‐02B(2)_5	   ANU	   0.07	   5.27	   64.27	   18.56	   0.25	   11.13	   56.10	   89.16	   4.92	  
67-­‐02B(2)_7	   ANU	   0.07	   5.26	   64.29	   18.23	   0.26	   11.33	   56.49	   89.19	   4.51	  
spi1_B2_14_1	   UOB	   0.07	   5.34	   62.90	   17.82	   0.61	   13.16	   65.39	   87.87	   7.57	  
spi2_B2_7_1	   UOB	   0.08	   5.75	   62.23	   18.78	   0.62	   12.42	   62.06	   87.89	   7.41	  
spi2_B2_11_1	   UOB	   0.08	   5.78	   62.45	   19.23	   0.63	   11.68	   58.64	   88.72	   6.54	  
spi1_B2_20_1	   UOB	   0.06	   5.22	   63.27	   16.89	   0.63	   13.63	   66.91	   87.87	   7.02	  
spi1_B2_1_1	   UOB	   0.08	   5.27	   63.04	   17.93	   0.64	   12.74	   63.37	   88.20	   7.03	  
spi1_B2_12_1	   UOB	   0.10	   5.67	   61.91	   19.28	   0.65	   12.12	   60.51	   88.85	   7.55	  
spi1_B2_18_1	   UOB	   0.09	   5.79	   62.48	   19.78	   0.65	   11.21	   57.17	   88.95	   6.78	  
spi2_B2_12_1	   UOB	   0.07	   5.11	   62.98	   19.38	   0.65	   11.71	   58.91	   87.89	   6.85	  
spi1_B2_15_1	   UOB	   0.08	   5.26	   63.04	   17.88	   0.65	   12.85	   64.00	   88.78	   7.20	  
spi1_B2_11_1	   UOB	   0.07	   5.26	   62.50	   20.45	   0.66	   10.90	   55.21	   88.95	   6.76	  
spi1_B2_2_1	   UOB	   0.09	   5.89	   61.77	   19.25	   0.66	   12.13	   60.82	   88.92	   7.66	  
spi1_B2_7_1	   UOB	   0.08	   5.24	   62.90	   18.68	   0.67	   12.23	   61.11	   88.06	   6.92	  
spi1_B2_6_1	   UOB	   0.10	   5.68	   62.50	   19.29	   0.68	   11.61	   58.74	   88.70	   6.82	  
spi1_B2_3_1	   UOB	   0.09	   5.22	   62.47	   19.80	   0.68	   11.53	   58.07	   87.55	   7.19	  
spi2_B2_9_1	   UOB	   0.08	   5.23	   62.78	   19.46	   0.69	   11.61	   58.57	   88.76	   6.90	  
spi1_B2_13_1	   UOB	   0.08	   5.72	   61.75	   21.59	   0.69	   10.28	   52.88	   88.00	   7.32	  
spi1_B2_21_1	   UOB	   0.07	   5.26	   62.53	   19.71	   0.69	   11.57	   58.39	   89.05	   7.23	  
spi1_B2_5_1	   UOB	   0.09	   5.34	   62.38	   20.45	   0.69	   10.96	   55.84	   88.94	   7.16	  
spi2_B2_10_1	   UOB	   0.08	   5.35	   62.68	   20.64	   0.69	   10.53	   53.80	   88.95	   6.42	  
spi2_B2_8_1	   UOB	   0.08	   5.33	   62.76	   18.51	   0.61	   12.58	   62.83	   87.90	   7.42	  
spi2_B2_6_1	   UOB	   0.08	   5.77	   62.42	   18.28	   0.64	   12.64	   62.98	   87.40	   7.15	  
spi2_B2_4_1	   UOB	   0.08	   5.16	   63.45	   18.74	   0.64	   11.80	   59.39	   88.33	   6.25	  
spi2_B2_5_1	   UOB	   0.08	   6.06	   62.63	   18.51	   0.64	   11.81	   59.27	   89.18	   5.98	  
spi2_B2_1_1	   UOB	   0.07	   5.55	   62.58	   19.91	   0.64	   11.21	   57.13	   88.86	   6.97	  
67-­‐02B(3)-­‐1_8	   ANU	   	   25.90	   44.68	   13.39	   0.15	   15.60	   68.81	   53.08	   1.30	  
67-­‐02B(3)-­‐1_9	   ANU	   	   24.27	   45.75	   15.05	   0.16	   14.56	   65.29	   53.65	   1.84	  
67-­‐02B(3)-­‐2_7	   ANU	   	   24.91	   45.29	   15.18	   0.16	   14.15	   63.74	   55.38	   1.42	  
67-­‐02B(3)-­‐1_12	   ANU	   	   24.59	   45.55	   15.75	   0.16	   13.73	   62.19	   53.89	   1.39	  
67-­‐02B(3)-­‐2_5	   ANU	   	   24.28	   46.14	   14.83	   0.17	   14.23	   63.87	   54.23	   1.03	  
67-­‐02B(3)-­‐2_8	   ANU	   	   25.92	   44.20	   16.42	   0.18	   13.19	   60.56	   54.96	   1.52	  
67-­‐02B(3)-­‐2_3	   ANU	   	   25.30	   45.27	   14.85	   0.18	   14.11	   63.59	   55.00	   0.94	  
67-­‐02B(3)-­‐2_1	   ANU	   	   24.91	   45.37	   16.20	   0.18	   13.14	   60.22	   55.85	   1.17	  
67-­‐02B(3)-­‐2_9	   ANU	   0.06	   29.00	   40.45	   14.62	   0.19	   14.87	   64.20	   53.37	   0.79	  
67-­‐02B(3)-­‐1_4	   ANU	   	   26.29	   44.32	   15.63	   0.20	   13.48	   61.96	   55.42	   1.23	  
67-­‐02B(3)-­‐2_4	   ANU	   	   25.39	   44.83	   15.43	   0.20	   13.96	   63.25	   54.56	   1.48	  
67-­‐02B(3)-­‐2_6	   ANU	   	   24.63	   45.55	   15.80	   0.20	   13.62	   62.31	   56.05	   1.68	  
67-­‐02B(3)-­‐1_1	   ANU	   	   25.63	   44.64	   14.64	   0.21	   14.55	   64.91	   54.25	   1.15	  
spi1_B3_20_1	   UOB	   	   21.56	   47.56	   16.46	   0.45	   14.16	   63.66	   44.51	   2.29	  
spi2_B3_9_1	   UOB	   	   23.71	   45.91	   15.53	   0.46	   14.31	   64.32	   54.47	   1.81	  
spi1_B3_1_1	   UOB	   	   26.16	   43.72	   15.26	   0.46	   14.46	   65.88	   55.33	   2.30	  
spi1_B3_6_1	   UOB	   	   23.40	   45.91	   15.65	   0.46	   14.45	   64.94	   54.87	   2.32	  
spi1_B3_4_1	   UOB	   	   25.82	   44.48	   14.44	   0.46	   14.78	   66.62	   53.63	   1.57	  
spi1_B3_2_1	   UOB	   	   24.21	   45.68	   14.45	   0.47	   15.04	   67.00	   52.86	   1.73	  
spi2_B3_8_1	   UOB	   	   25.17	   44.88	   15.12	   0.47	   14.45	   65.55	   54.32	   1.87	  
spi2_B3_1_1	   UOB	   	   23.07	   46.22	   16.08	   0.47	   13.98	   62.89	   55.21	   1.93	  
spi1_B3_5_1	   UOB	   	   24.96	   45.20	   14.60	   0.47	   14.72	   66.46	   53.62	   1.73	  
spi1_B3_13_1	   UOB	   	   24.55	   44.52	   16.91	   0.49	   13.74	   63.13	   52.92	   3.05	  
spi1_B3_12_1	   UOB	   0.05	   25.95	   43.46	   15.21	   0.49	   14.70	   65.88	   54.02	   2.20	  
spi2_B3_13_1	   UOB	   	   24.98	   44.13	   17.66	   0.49	   12.93	   59.78	   56.03	   2.50	  
spi2_B3_10_1	   UOB	   	   23.86	   45.43	   17.44	   0.50	   12.83	   59.45	   56.51	   2.28	  
spi1_B3_7_1	   UOB	   	   23.63	   45.23	   17.91	   0.50	   12.83	   59.71	   56.83	   3.04	  
spi1_B3_14_1	   UOB	   	   23.12	   46.47	   15.01	   0.50	   14.64	   65.64	   54.90	   1.98	  
spi1_B3_25_1	   UOB	   	   24.34	   44.71	   17.85	   0.50	   12.85	   60.01	   56.37	   3.00	  
spi1_B3_3_1	   UOB	   	   25.47	   43.90	   17.24	   0.50	   13.18	   61.42	   55.87	   2.83	  
spi1_B3_15_1	   UOB	   	   22.47	   46.27	   17.71	   0.50	   13.10	   60.97	   57.43	   3.45	  
spi1_B3_16_1	   UOB	   0.03	   31.28	   37.38	   17.42	   0.50	   13.38	   61.63	   58.01	   3.29	  
spi1_B3_22_1	   UOB	   	   23.72	   45.42	   15.81	   0.51	   14.46	   65.48	   55.58	   2.88	  
spi1_B3_8_1	   UOB	   0.03	   25.12	   43.97	   17.95	   0.52	   12.66	   58.98	   56.23	   2.58	  
spi1_B3_21_1	   UOB	   	   24.40	   45.50	   15.59	   0.52	   13.94	   64.21	   59.68	   2.29	  
spi1_B3_23_1	   UOB	   	   23.53	   45.30	   17.53	   0.52	   13.15	   60.76	   56.24	   3.00	  
spi2_B3_3_1	   UOB	   	   24.22	   44.63	   18.31	   0.50	   12.57	   58.72	   57.26	   2.99	  
spi2_B3_7_1	   UOB	   	   25.06	   44.42	   17.44	   0.50	   12.84	   59.56	   55.29	   2.11	  
spi2_B3_12_1	   UOB	   	   23.78	   45.14	   17.82	   0.50	   12.93	   59.82	   55.42	   2.78	  
spi2_B3_2_1	   UOB	   	   22.89	   45.70	   18.59	   0.50	   12.44	   58.08	   57.35	   3.18	  
spi2_B3_11_1	   UOB	   	   24.19	   44.81	   16.95	   0.50	   13.57	   62.11	   56.10	   2.73	  
67-­‐02B(4)_18	   ANU	   0.05	   32.59	   32.94	   20.21	   0.16	   13.61	   59.89	   49.22	   5.44	  
67-­‐02B(4)_10	   ANU	   0.06	   28.74	   36.45	   21.59	   0.20	   12.80	   56.35	   42.66	   5.04	  
67-­‐02B(4)_1	   ANU	   0.06	   31.30	   34.70	   21.36	   0.21	   12.25	   55.32	   48.35	   4.84	  
67-­‐02B(4)_12	   ANU	   0.05	   26.94	   38.92	   21.85	   0.22	   12.10	   55.22	   45.98	   5.46	  
67-­‐02B(4)_5	   ANU	   0.39	   12.88	   51.68	   21.95	   0.23	   12.48	   55.18	   40.42	   5.26	  
67-­‐02B(5)_14	   ANU	   0.32	   10.20	   55.66	   18.88	   0.17	   14.18	   65.36	   73.77	   7.92	  
67-­‐02B(5)_1	   ANU	   0.31	   14.00	   50.67	   22.60	   0.20	   12.45	   59.94	   70.57	   10.32	  
67-­‐02B(5)_10	   ANU	   0.30	   12.76	   53.48	   19.47	   0.20	   13.75	   64.98	   70.83	   8.43	  
spi1_B5_18_1	   UOB	   0.43	   12.78	   48.08	   28.30	   0.50	   10.91	   54.62	   69.44	   15.85	  
spi2_B5_10_1	   UOB	   0.37	   10.65	   52.59	   24.22	   0.54	   11.83	   57.75	   74.43	   11.84	  
spi2_B5_12_1	   UOB	   0.40	   13.90	   49.68	   22.66	   0.54	   12.69	   60.96	   75.28	   11.24	  
spi1_B5_19_1	   UOB	   0.38	   12.45	   50.95	   22.75	   0.54	   12.74	   60.54	   71.63	   10.92	  
spi1_B5_1_1	   UOB	   0.42	   12.24	   51.30	   22.39	   0.55	   12.72	   60.37	   72.92	   10.53	  
spi1_B5_7_1	   UOB	   0.41	   12.24	   49.15	   26.53	   0.55	   11.51	   56.43	   71.82	   14.28	  
spi1_B5_15_1	   UOB	   0.46	   11.89	   49.52	   26.73	   0.55	   11.28	   55.96	   74.18	   14.72	  
spi1_B5_16_1	   UOB	   0.48	   11.86	   51.09	   23.47	   0.56	   12.35	   59.27	   73.65	   11.58	  
spi1_B5_8_1	   UOB	   0.44	   11.37	   52.10	   23.07	   0.57	   12.21	   58.89	   72.93	   11.06	  
spi2_B5_7_1	   UOB	   0.45	   11.69	   50.69	   24.94	   0.57	   11.69	   56.82	   74.07	   12.45	  
spi1_B5_20_1	   UOB	   0.39	   11.43	   52.05	   23.32	   0.57	   12.26	   59.33	   73.31	   11.33	  
spi1_B5_9_1	   UOB	   0.51	   10.28	   52.10	   23.33	   0.58	   12.43	   58.67	   75.47	   11.29	  
spi1_B5_11_1	   UOB	   0.55	   11.72	   50.17	   23.44	   0.58	   12.69	   59.17	   72.50	   11.43	  
spi2_B5_2_1	   UOB	   0.45	   9.42	   54.09	   21.71	   0.58	   13.17	   61.56	   71.77	   10.04	  
spi1_B5_10_1	   UOB	   0.44	   12.55	   49.33	   26.30	   0.58	   11.03	   54.89	   77.28	   13.94	  
spi2_B5_11_1	   UOB	   0.41	   11.54	   52.34	   22.83	   0.58	   12.11	   58.56	   76.81	   10.53	  
spi1_B5_2_1	   UOB	   0.50	   10.63	   51.47	   23.29	   0.59	   12.65	   59.25	   73.78	   11.43	  
spi1_B5_6_1	   UOB	   0.48	   12.65	   48.05	   26.90	   0.59	   11.11	   54.40	   76.47	   14.54	  
spi1_B5_17_1	   UOB	   0.61	   13.95	   47.23	   23.74	   0.59	   12.70	   58.68	   74.31	   11.71	  
spi2_B5_6_1	   UOB	   0.46	   11.94	   50.81	   23.32	   0.54	   12.58	   59.74	   73.56	   11.47	  
spi2_B5_5_1	   UOB	   0.43	   12.26	   50.83	   23.56	   0.55	   12.28	   58.97	   72.90	   11.42	  
spi2_B5_4_1	   UOB	   0.44	   12.36	   49.55	   26.80	   0.56	   10.63	   53.10	   76.51	   13.75	  
spi2_B5_1_1	   UOB	   0.41	   13.36	   50.61	   22.82	   0.57	   12.17	   59.01	   75.35	   10.63	  
spi2_B5_3_1	   UOB	   0.55	   10.50	   50.93	   25.64	   0.58	   11.28	   54.50	   79.39	   12.77	  
67-­‐02B(6)_10	   ANU	   0.19	   16.87	   51.09	   17.97	   0.45	   13.17	   63.61	   77.77	   6.51	  
67-­‐02B(6)_21	   ANU	   0.22	   10.96	   54.24	   23.38	   0.46	   11.06	   54.22	   69.12	   8.83	  
67-­‐02B(6)_7	   ANU	   	   26.48	   41.86	   19.07	   0.47	   12.24	   60.77	   76.85	   6.72	  
67-­‐02B(6)_14	   ANU	   0.37	   15.19	   50.68	   20.18	   0.48	   12.39	   57.00	   67.02	   5.42	  
spi2_B6_10_1	   UOB	   0.31	   10.63	   55.40	   20.37	   0.53	   12.92	   62.53	   72.25	   8.66	  
spi2_B6_3_1	   UOB	   0.12	   14.79	   52.30	   18.65	   0.54	   13.41	   64.43	   76.75	   7.56	  
spi1_B6_20_1	   UOB	   0.27	   10.97	   55.40	   19.14	   0.55	   13.52	   63.98	   69.94	   7.53	  
spi2_B6_9_1	   UOB	   0.18	   13.56	   52.60	   19.55	   0.55	   13.38	   64.05	   76.72	   8.50	  
spi1_B6_2_1	   UOB	   0.13	   14.12	   50.53	   23.09	   0.55	   12.13	   59.92	   70.26	   11.16	  
spi2_B6_7_1	   UOB	   0.09	   15.03	   50.55	   22.65	   0.55	   11.46	   56.62	   73.19	   9.15	  
spi1_B6_7_1	   UOB	   0.14	   14.05	   52.43	   19.21	   0.56	   13.46	   64.83	   77.46	   8.55	  
spi1_B6_6_1	   UOB	   0.25	   10.74	   54.99	   20.35	   0.56	   13.20	   63.64	   73.95	   9.22	  
spi1_B6_5_1	   UOB	   0.28	   12.57	   53.17	   20.24	   0.56	   13.03	   62.88	   76.84	   9.00	  
spi2_B6_8_1	   UOB	   0.24	   11.21	   55.04	   21.00	   0.57	   11.92	   57.12	   69.29	   6.75	  
spi1_B6_12_1	   UOB	   0.13	   14.95	   51.31	   20.97	   0.57	   12.04	   57.79	   70.25	   7.09	  
spi1_B6_4_1	   UOB	   0.25	   11.11	   54.95	   20.62	   0.57	   12.31	   58.95	   71.67	   7.34	  
spi1_B6_17_1	   UOB	   0.08	   14.87	   51.55	   19.86	   0.57	   13.12	   63.75	   77.78	   8.85	  
spi1_B6_27_1	   UOB	   0.09	   14.73	   52.18	   20.44	   0.58	   12.12	   58.64	   69.46	   6.80	  
spi1_B6_3_1	   UOB	   0.10	   13.97	   52.65	   20.36	   0.58	   12.25	   58.88	   70.61	   6.94	  
spi1_B6_13_1	   UOB	   0.25	   10.68	   55.68	   20.28	   0.58	   12.41	   59.42	   69.73	   7.04	  
spi1_B6_21_1	   UOB	   0.16	   15.02	   51.21	   19.82	   0.58	   13.15	   63.62	   77.22	   8.76	  
spi1_B6_22_1	   UOB	   0.09	   13.85	   52.20	   21.93	   0.58	   11.36	   54.80	   69.59	   6.99	  
spi1_B6_8_1	   UOB	   0.09	   14.68	   51.64	   20.71	   0.58	   12.35	   59.70	   71.47	   7.78	  
spi1_B6_23_1	   UOB	   0.08	   15.16	   51.36	   21.27	   0.59	   11.55	   56.22	   71.67	   7.05	  
spi1_B6_1_1	   UOB	   0.29	   14.15	   49.82	   23.53	   0.65	   11.13	   54.21	   78.55	   9.82	  
spi2_B6_4_1	   UOB	   0.20	   11.29	   55.01	   21.12	   0.55	   11.81	   56.80	   70.36	   6.87	  
spi2_B6_1_1	   UOB	   0.39	   10.62	   54.92	   19.24	   0.55	   13.49	   61.79	   70.39	   6.57	  
spi2_B6_6_1	   UOB	   0.20	   12.87	   52.35	   21.72	   0.56	   12.10	   58.56	   75.00	   9.00	  
spi2_B6_5_1	   UOB	   0.21	   12.07	   53.98	   19.66	   0.56	   13.14	   62.66	   76.57	   8.07	  
spi2_B6_2_1	   UOB	   0.21	   10.93	   53.78	   24.40	   0.58	   10.81	   54.82	   77.64	   11.13	  
67-­‐02B(7)-­‐2_8	   UOB	   0.08	   20.97	   47.45	   19.00	   0.45	   12.02	   55.07	   52.72	   1.97	  
67-­‐02B(7)-­‐2_6	   UOB	   	   25.76	   42.80	   19.07	   0.47	   11.98	   54.87	   51.82	   1.81	  
67-­‐02B(7)-­‐2_11	   UOB	   	   26.35	   42.23	   18.93	   0.48	   12.11	   55.58	   51.48	   1.97	  
67-­‐02D(1)_9	   ANU	   0.14	   20.40	   47.76	   21.45	   0.45	   9.91	   47.24	   60.08	   2.11	  
67-­‐02D(1)_13	   ANU	   0.09	   20.75	   47.26	   20.69	   0.49	   10.27	   47.90	   60.30	   1.59	  
67-­‐02D(1)_5	   ANU	   0.08	   21.10	   47.31	   21.07	   0.49	   9.91	   47.23	   60.88	   1.83	  
67-­‐02D(1)_17	   ANU	   0.08	   20.66	   47.90	   21.09	   0.50	   9.66	   46.75	   60.45	   2.16	  
67-­‐02D(2)_18	   ANU	   0.14	   19.66	   46.22	   23.67	   0.55	   10.30	   52.24	   70.11	   8.95	  
67-­‐02D(2)_16	   ANU	   0.17	   14.50	   50.67	   21.21	   0.56	   12.15	   57.97	   68.00	   8.30	  
67-­‐02D(2)_1	   ANU	   0.17	   16.10	   50.96	   18.55	   0.58	   12.47	   55.43	   61.11	   2.28	  
67-­‐02D(3)-­‐3_1	   ANU	   	   11.35	   51.86	   27.97	   0.30	   8.31	   41.70	   76.65	   10.41	  
67-­‐02D(3)-­‐3_7	   ANU	   0.04	   16.62	   47.60	   27.62	   0.31	   8.12	   41.64	   77.09	   10.03	  
67-­‐02D(3)-­‐3_4	   ANU	   0.07	   10.45	   52.41	   28.39	   0.32	   8.08	   40.67	   76.15	   10.76	  
67-­‐02D(3)-­‐3_10	   ANU	   0.04	   10.89	   52.12	   26.67	   0.32	   8.91	   43.27	   75.41	   9.30	  
67-­‐02D(3)-­‐2_14	   ANU	   0.08	   9.79	   52.76	   27.51	   0.32	   8.88	   44.14	   76.81	   11.28	  
67-­‐02D(3)-­‐2_1	   ANU	   0.09	   10.48	   51.70	   28.99	   0.34	   7.86	   39.45	   78.20	   11.28	  
67-­‐02D(3)-­‐3_14	   ANU	   0.05	   10.75	   51.17	   29.46	   0.38	   7.94	   40.08	   76.27	   12.00	  
67-­‐02D(3)-­‐2_15	   ANU	   0.11	   9.68	   52.65	   29.66	   0.40	   7.07	   35.94	   78.33	   10.77	  
67-­‐02D(3)-­‐2_9	   ANU	   0.05	   10.25	   50.12	   33.57	   0.40	   6.57	   35.76	   87.73	   17.60	  
67-­‐02D(3)-­‐1_7	   ANU	   0.09	   10.07	   53.81	   23.73	   0.63	   10.58	   51.20	   75.08	   9.29	  
67-­‐02D(3)-­‐1_5	   ANU	   0.27	   11.61	   52.11	   25.66	   0.67	   9.07	   45.30	   76.53	   9.42	  
67-­‐02D(3)-­‐1_11	   ANU	   0.25	   10.41	   52.58	   28.05	   0.67	   7.67	   40.29	   76.63	   11.93	  
67-­‐02D(3)-­‐1_13	   ANU	   0.25	   10.83	   52.61	   26.72	   0.68	   8.29	   41.58	   77.23	   9.19	  
67-­‐02D(3)-­‐1_1	   ANU	   0.25	   10.40	   50.83	   28.36	   0.71	   7.88	   38.59	   76.85	   10.32	  
67-­‐02D(4)_9	   ANU	   0.03	   15.42	   52.20	   20.46	   0.22	   11.53	   55.67	   58.60	   5.70	  
67-­‐02D(4)_2	   ANU	   	   20.60	   45.77	   19.06	   0.25	   13.28	   60.53	   56.81	   5.88	  
67-­‐02D(4)_8	   ANU	   	   21.25	   44.82	   21.58	   0.26	   11.21	   52.87	   59.85	   6.08	  
67-­‐02D(4)_15	   ANU	   0.03	   22.40	   43.91	   20.14	   0.26	   12.46	   57.84	   58.85	   6.16	  
spi1_D4_6_1	   UOB	   0.03	   21.80	   42.97	   20.47	   0.45	   14.17	   64.08	   52.51	   8.07	  
spi2_D4_7_1	   UOB	   0.04	   20.72	   43.85	   22.40	   0.48	   12.52	   58.05	   56.62	   8.07	  
spi1_D4_21_1	   UOB	   0.05	   19.70	   44.76	   23.08	   0.50	   12.05	   56.61	   57.27	   8.44	  
spi1_D4_22_1	   UOB	   0.09	   20.19	   44.32	   21.85	   0.51	   12.81	   59.40	   60.39	   8.33	  
spi1_D4_10_1	   UOB	   0.05	   22.09	   42.40	   22.91	   0.51	   12.01	   56.08	   56.95	   7.99	  
spi1_D4_11_1	   UOB	   0.25	   18.55	   45.99	   23.37	   0.51	   11.62	   54.90	   56.29	   7.95	  
spi1_D4_12_1	   UOB	   0.06	   22.13	   43.20	   19.84	   0.52	   13.97	   64.16	   62.46	   8.01	  
spi1_D4_13_1	   UOB	   0.09	   21.50	   42.94	   22.75	   0.52	   12.10	   56.34	   56.71	   7.93	  
spi1_D4_3_1	   UOB	   0.05	   20.41	   44.10	   22.94	   0.52	   11.98	   55.98	   56.04	   7.97	  
spi1_D4_26_1	   UOB	   0.05	   20.87	   44.33	   22.26	   0.52	   12.05	   56.77	   59.42	   7.63	  
spi2_D4_9_1	   UOB	   0.05	   19.59	   45.07	   24.05	   0.52	   10.94	   52.31	   60.17	   8.02	  
spi2_D4_10_1	   UOB	   0.04	   20.34	   44.67	   22.19	   0.53	   12.06	   56.39	   60.69	   7.44	  
spi1_D4_5_1	   UOB	   0.08	   24.25	   39.96	   24.63	   0.54	   10.81	   51.73	   58.74	   8.49	  
spi2_D4_8_1	   UOB	   0.04	   19.84	   44.67	   23.49	   0.54	   11.38	   53.53	   58.68	   7.72	  
spi1_D4_25_1	   UOB	   0.04	   20.19	   44.06	   24.88	   0.55	   10.57	   50.80	   59.67	   8.45	  
spi2_D4_14_1	   UOB	   	   20.60	   43.90	   23.05	   0.55	   11.61	   54.37	   59.57	   7.71	  
spi1_D4_23_1	   UOB	   0.09	   19.88	   43.82	   24.68	   0.56	   11.00	   52.04	   59.57	   8.66	  
spi1_D4_2_1	   UOB	   0.05	   22.20	   42.18	   23.40	   0.56	   11.54	   54.34	   59.04	   8.04	  
spi1_D4_1_1	   UOB	   0.05	   20.58	   44.20	   23.36	   0.57	   11.11	   53.12	   65.78	   7.95	  
spi1_D4_4_1	   UOB	   0.08	   20.45	   43.39	   24.15	   0.58	   11.27	   52.91	   59.18	   8.24	  
spi2_D4_1_1	   UOB	   0.05	   19.76	   45.30	   22.41	   0.50	   11.92	   55.63	   58.78	   7.15	  
spi2_D4_2_1	   UOB	   0.03	   19.88	   44.69	   23.68	   0.52	   11.30	   53.49	   60.61	   7.96	  
spi2_D4_3_1	   UOB	   0.04	   17.22	   47.35	   23.85	   0.53	   11.08	   52.44	   60.14	   7.71	  
spi2_D4_6_1	   UOB	   0.09	   21.88	   42.55	   24.23	   0.54	   10.81	   51.49	   61.12	   7.89	  
spi2_D4_5_1	   UOB	   0.05	   19.37	   45.37	   24.01	   0.57	   10.61	   50.98	   64.86	   7.79	  
67-­‐02D(5)-­‐1_6	   UOB	   0.10	   14.45	   53.66	   16.84	   0.45	   14.42	   65.43	   55.70	   4.20	  
67-­‐02D(5)-­‐1_3	   UOB	   	   23.53	   44.08	   18.65	   0.46	   13.50	   64.58	   67.84	   6.95	  
67-­‐02D(5)-­‐1_9	   UOB	   0.11	   10.82	   57.05	   17.67	   0.48	   13.81	   65.50	   71.36	   6.29	  
67-­‐02D(5)-­‐1_12	   UOB	   0.07	   16.18	   50.85	   18.58	   0.49	   13.81	   65.40	   69.44	   7.29	  
67-­‐02D(6)_11	   UOB	   0.12	   11.39	   56.08	   18.17	   0.50	   13.81	   66.76	   77.91	   7.84	  
67-­‐02D(6)_5	   UOB	   0.06	   10.01	   58.33	   17.46	   0.51	   13.54	   65.59	   80.06	   6.57	  
67-­‐02D(6)_2	   UOB	   0.06	   9.74	   58.30	   18.38	   0.53	   13.07	   63.55	   76.77	   6.67	  
67-­‐02D(6)_7	   UOB	   0.08	   17.73	   49.74	   19.40	   0.57	   12.25	   59.42	   79.63	   6.34	  
67-­‐02D(6)_1	   UOB	   0.09	   10.82	   56.85	   19.93	   0.57	   11.70	   57.38	   77.97	   6.07	  
67-­‐02D(7)_6	   UOB	   0.09	   26.20	   40.83	   19.62	   0.46	   13.32	   64.32	   66.40	   7.95	  
67-­‐02D(7)_16	   UOB	   0.05	   16.31	   50.07	   19.71	   0.46	   13.42	   63.39	   67.25	   7.68	  
67-­‐02D(7)_20	   UOB	   0.06	   16.79	   49.44	   20.06	   0.47	   13.21	   62.46	   67.32	   7.71	  
67-­‐02D(7)_1	   UOB	   0.23	   16.81	   49.24	   19.89	   0.48	   13.23	   61.77	   65.31	   7.03	  
67-­‐02D(7)_10	   UOB	   	   16.28	   49.82	   20.80	   0.50	   12.75	   60.67	   66.28	   7.85	  
67-­‐02E(1)_5	   ANU	   	   24.44	   45.69	   16.77	   0.18	   12.49	   56.46	   49.43	   	  
67-­‐02E(1)_11	   ANU	   0.07	   28.43	   41.41	   17.22	   0.19	   12.23	   55.26	   49.88	   0.03	  
67-­‐02E(1)_1	   ANU	   0.09	   27.98	   41.49	   17.35	   0.20	   12.51	   56.78	   49.23	   0.97	  
spi1_E1_7_1	   UOB	   0.07	   26.38	   42.36	   17.14	   0.45	   13.55	   60.16	   47.60	   1.50	  
spi1_E1_10_1	   UOB	   0.09	   27.63	   41.18	   17.48	   0.46	   13.17	   58.80	   46.15	   1.27	  
spi1_E1_5_1	   UOB	   0.08	   27.49	   41.01	   18.19	   0.47	   12.80	   57.60	   46.84	   1.69	  
spi1_E1_24_1	   UOB	   0.07	   29.21	   39.54	   18.04	   0.47	   12.71	   57.36	   47.54	   1.45	  
spi1_E1_4_1	   UOB	   0.07	   29.61	   38.88	   18.67	   0.47	   12.37	   56.01	   47.16	   1.60	  
spi1_E1_22_1	   UOB	   0.07	   28.03	   40.47	   18.36	   0.47	   12.59	   56.74	   48.02	   1.58	  
spi2_E1_4_1	   UOB	   0.06	   28.63	   39.77	   18.81	   0.47	   12.36	   56.05	   48.46	   1.80	  
spi1_E1_17_1	   UOB	   0.11	   27.31	   40.93	   19.16	   0.48	   12.11	   55.34	   49.78	   2.11	  
spi1_E1_6_1	   UOB	   0.08	   29.14	   39.46	   19.05	   0.48	   12.03	   55.34	   50.03	   1.92	  
spi1_E1_9_1	   UOB	   0.06	   30.19	   38.56	   18.76	   0.48	   12.09	   55.57	   50.05	   1.78	  
spi2_E1_5_1	   UOB	   0.10	   27.02	   41.35	   18.96	   0.48	   12.21	   55.48	   48.24	   1.73	  
spi1_E1_1_1	   UOB	   0.06	   27.74	   40.62	   18.62	   0.48	   12.40	   56.17	   51.12	   1.83	  
spi1_E1_16_1	   UOB	   0.06	   27.59	   40.76	   18.64	   0.48	   12.46	   56.40	   49.56	   1.86	  
spi1_E1_18_1	   UOB	   0.08	   28.79	   39.63	   18.90	   0.48	   12.21	   55.79	   50.14	   1.97	  
spi1_E1_15_1	   UOB	   0.10	   27.80	   40.71	   18.45	   0.49	   12.51	   56.87	   50.00	   1.86	  
spi2_E1_2_1	   UOB	   0.07	   28.44	   40.04	   18.86	   0.49	   12.25	   56.08	   51.73	   2.05	  
spi2_E1_8_1	   UOB	   0.08	   27.16	   41.57	   17.83	   0.49	   12.88	   58.49	   50.67	   1.92	  
spi1_E1_23_1	   UOB	   0.07	   29.15	   39.36	   19.09	   0.49	   11.94	   54.67	   49.21	   1.70	  
spi1_E1_3_1	   UOB	   0.06	   29.32	   39.00	   18.84	   0.50	   12.37	   56.56	   51.11	   2.32	  
spi1_E1_2_1	   UOB	   0.09	   26.65	   41.51	   19.52	   0.50	   11.82	   54.24	   49.57	   2.10	  
spi1_E1_8_1	   UOB	   0.07	   27.41	   40.91	   19.54	   0.51	   11.59	   53.37	   51.87	   1.85	  
spi2_E1_12_1	   UOB	   0.08	   27.75	   40.09	   19.22	   0.51	   12.15	   55.12	   54.14	   2.25	  
spi2_E1_11_1	   UOB	   0.11	   24.90	   43.79	   17.46	   0.44	   13.35	   59.89	   48.54	   1.84	  
spi2_E1_1_1	   UOB	   0.08	   26.45	   42.25	   18.05	   0.46	   12.79	   57.76	   47.60	   1.63	  
spi2_E1_3_1	   UOB	   0.06	   28.54	   39.98	   18.79	   0.47	   12.24	   55.47	   48.58	   1.50	  
spi2_E1_10_1	   UOB	   0.10	   28.57	   40.16	   18.53	   0.48	   12.29	   56.31	   50.84	   1.78	  
spi2_E1_9_1	   UOB	   0.11	   26.95	   41.54	   19.16	   0.49	   11.82	   54.13	   50.67	   1.57	  
67-­‐02E(2)_17	   UOB	   	   21.87	   44.06	   22.36	   0.46	   11.88	   58.16	   58.60	   8.79	  
67-­‐02E(2)_1	   UOB	   	   23.13	   45.32	   18.79	   0.47	   12.39	   57.50	   55.65	   3.03	  
67-­‐02E(2)_13	   UOB	   	   23.21	   45.29	   18.74	   0.48	   12.33	   57.21	   56.80	   2.87	  
67-­‐02E(2)_15	   UOB	   0.03	   21.39	   45.11	   19.03	   0.49	   12.95	   56.83	   56.70	   3.02	  
67-­‐02E(3)_14	   UOB	   	   22.30	   44.93	   20.64	   0.46	   11.99	   56.30	   57.41	   4.85	  
67-­‐02E(3)_5	   UOB	   	   22.57	   45.22	   20.04	   0.48	   11.81	   55.11	   57.49	   3.58	  
67-­‐02E(3)_12	   UOB	   0.04	   22.38	   44.95	   20.72	   0.49	   11.47	   53.75	   57.78	   3.99	  
67-­‐02E(3)_1	   UOB	   	   22.23	   45.34	   20.01	   0.50	   11.92	   55.46	   57.49	   3.81	  
67-­‐02E(3)_7	   UOB	   	   23.88	   43.21	   19.97	   0.50	   11.94	   54.31	   57.35	   3.21	  
67-­‐02E(5)_1	   UOB	   	   23.90	   42.12	   22.47	   0.48	   11.07	   52.04	   54.84	   5.51	  
67-­‐02E(5)_12	   UOB	   	   20.38	   45.34	   22.75	   0.48	   11.05	   51.42	   54.92	   5.32	  
67-­‐02E(5)_11	   UOB	   	   23.38	   42.46	   22.67	   0.50	   11.11	   51.84	   54.19	   5.36	  
67-­‐02E(5)_14	   UOB	   	   11.11	   53.96	   23.75	   0.52	   10.70	   50.55	   59.88	   6.59	  
67-­‐02E(6)_6	   UOB	   	   11.06	   54.88	   21.18	   0.54	   11.95	   57.27	   74.59	   7.52	  
67-­‐02E(6)_10	   UOB	   	   12.19	   53.32	   24.99	   0.58	   9.28	   47.05	   76.41	   8.41	  
67-­‐02E(6)_1	   UOB	   	   11.17	   53.91	   25.06	   0.58	   9.17	   45.67	   76.52	   7.84	  
67-­‐02E(6)_8	   UOB	   	   	   	   25.61	   	   	   44.86	   76.90	   8.31	  	  
	  
  
Appendix D 
 
Ritter Xenoliths: Trace Element Compositions
Table D.1. Average Trace Element Analyses for Orthopyroxene 
 
	   67-­‐02A(1)	   67-­‐02A(2)	   67-­‐02A(3)	   67-­‐02A(5)	   67-­‐02B(1)	   67-­‐02B(3)_1	   67-­‐02B(3)_2	   67-­‐02B(5)	   67-­‐02B(6)	   67-­‐02D(4)	   67-­‐02E(1)	  
	   ave.	   R.S.D	   ave.	   R.S.D	   ave.	   R.S.D	   ave.	   R.S.D
.	  
ave.	   R.S.D	   ave.	   R.S.D	   ave.	   R.S.D	   ave.	   R.S.D	   ave.	   R.S.D	   ave.	   R.S.D	   ave.	   R.S.D	  
Li	   0.39	   15.4	   1.01	   8.63	   1.12	   14.9	   0.78	   19.9	   0.82	   16.8	   0.54	   5.66	   0.62	   4.80	   0.59	   0.12	   0.67	   2.36	   0.64	   16.5	   0.69	   11.9	  
Ca	   2836	   13.2	   3595	   36.0	   3480	   22.0	   3023	   18.8	   2678	   19.1	   2586	   11.2	   2901	   24.3	   7054	   9.35	   4164	   19.5	   3865	   17.5	   3553	   25.3	  
Sc	   17.9	   14.9	   25.7	   2.40	   25.6	   3.04	   22.3	   5.92	   22.8	   9.16	   24.1	   3.11	   23.8	   5.30	   22.7	   8.81	   15.5	   9.43	   26.7	   6.16	   31.9	   5.20	  
Ti	   143	   1.01	   8.09	   5.34	   8.52	   4.98	   35.2	   1.73	   7.84	   26.3	   17.9	   10.5	   8.78	   8.62	   157	   29.5	   98.9	   25.6	   47.1	   6.49	   114	   8.37	  
V	   47.8	   27.9	   41.1	   7.16	   43.2	   2.22	   48.1	   3.12	   42.7	   17.3	   56.9	   4.59	   39.5	   3.54	   43.1	   8.61	   37.3	   15.9	   61.4	   2.57	   82.0	   5.26	  
Cr	   2615	   5.13	   2694	   24.3	   3211	   6.50	   3353	   5.87	   2721	   5.41	   3056	   12.6	   3422	   4.40	   2909	   20.6	   3004	   6.21	   2948	   1.53	   2627	   9.33	  
Mn	   1397	   2.54	   1066	   2.45	   1064	   2.79	   1087	   8.10	   1065	   1.40	   1068	   1.26	   1022	   1.04	   1196	   19.2	   1150	   3.12	   1080	   0.89	   1141	   1.24	  
Co	   71.6	   2.51	   50.0	   2.91	   50.4	   3.01	   50.5	   1.55	   49.9	   2.49	   50.6	   1.58	   50.7	   0.26	   54.5	   2.08	   59.5	   0.82	   50.5	   2.14	   51.7	   2.02	  
Ni	   568	   5.00	   616	   6.54	   623	   5.43	   635	   4.60	   607	   4.11	   641	   2.11	   636	   0.38	   692	   8.56	   701	   3.24	   615	   2.16	   616	   3.33	  
Cu	   0.67	   15.7	   0.64	   17.8	   0.77	   27.3	   1.98	   38.8	   0.61	   10.9	   0.77	   23.9	   1.63	   2.31	   3.17	   3.54	   0.76	   14.2	   0.64	   8.28	   0.58	   5.47	  
Zn	   45.1	   6.76	   32.9	   0.88	   32.4	   3.69	   32.3	   7.81	   29.8	   5.66	   30.6	   4.01	   30.2	   0.28	   42.2	   22.8	   28.3	   4.85	   33.1	   1.50	   34.5	   2.05	  
Ga	   1.29	   14.3	   0.99	   10.3	   1.05	   3.81	   1.14	   3.53	   0.92	   5.80	   1.03	   8.81	   1.11	   4.03	   1.10	   15.5	   1.10	   12.3	   1.12	   4.05	   1.65	   4.70	  
Rb	   0.01	   1.27	   bdl	   bdl	   bdl	   bdl	   0.14	   143	   bdl	   bdl	   0.01	   29.3	   0.01	   bdl	   0.01	   21.8	   0.00	   bdl	   bdl	   bdl	   bdl	   bdl	  
Sr	   0.12	   72.9	   0.02	   127	   0.01	   72.9	   0.33	   144	   0.01	   85.0	   0.01	   61.8	   0.01	   61.6	   0.50	   54.2	   0.01	   17.7	   0.03	   42.5	   0.02	   69.7	  
Y	   0.15	   11.5	   0.03	   23.0	   0.03	   17.3	   0.10	   29.0	   0.03	   29.3	   0.03	   11.9	   0.02	   1.62	   0.25	   3.11	   0.21	   31.3	   0.12	   14.5	   0.17	   20.6	  
Zr	   0.06	   23.7	   0.03	   11.4	   0.03	   15.2	   0.11	   29.3	   0.07	   17.8	   0.03	   15.8	   0.03	   16.8	   0.07	   36.8	   0.09	   29.3	   0.10	   9.46	   0.10	   23.6	  
Nb	   0.00	   12.5	   0.00	   37.7	   0.00	   17.9	   0.01	   21.2	   0.00	   26.7	   0.00	   17.6	   0.01	   37.9	   0.00	   39.9	   0.00	   18.0	   0.00	   14.4	   0.00	   14.1	  
Cs	   bdl	   bdl	   0.00	   bdl	   bdl	   bdl	   0.00	   21.2	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	  
Ba	   0.01	   30.2	   0.00	   bdl	   bdl	   bdl	   0.03	   1.68	   0.00	   bdl	   0.00	   bdl	   bdl	   bdl	   0.07	   41.3	   0.00	   bdl	   bdl	   bdl	   bdl	   bdl	  
La	   0.00	   63.3	   bdl	   bdl	   bdl	   bdl	   0.01	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   0.01	   97.0	   bdl	   bdl	   0.00	   bdl	   bdl	   bdl	  
Ce	   0.00	   13.5	   0.00	   bdl	   0.00	   105	   0.01	   128	   0.00	   bdl	   bdl	   bdl	   0.00	   126	   0.01	   39.1	   0.00	   bdl	   0.00	   bdl	   0.00	   93.1	  
Pr	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   0.00	   bdl	   bdl	   bdl	   bdl	   bdl	   0.00	   bdl	   0.00	   16.1	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	  
Nd	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   0.01	   bdl	   0.00	   bdl	   bdl	   bdl	   bdl	   bdl	   0.01	   43.0	   0.00	   bdl	   0.00	   15.3	   0.00	   28.9	  
Sm	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   0.00	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   0.00	   84.2	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	  
Eu	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   0.00	   8.66	   0.00	   135	   0.00	   bdl	   0.00	   bdl	  
Gd	   0.00	   47.1	   bdl	   bdl	   0.00	   bdl	   0.00	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   0.01	   30.2	   0.00	   78.9	   bdl	   bdl	   0.00	   94.3	  
Tb	   0.00	   16.5	   0.00	   bdl	   0.00	   23.6	   0.00	   26.6	   0.00	   bdl	   0.00	   bdl	   bdl	   bdl	   0.00	   5.28	   0.00	   31.9	   0.00	   19.6	   0.00	   46.5	  
Dy	   0.01	   20.2	   0.00	   103	   0.00	   136	   0.01	   43.4	   bdl	   bdl	   0.00	   110	   0.00	   48.9	   0.03	   1.07	   0.02	   21.9	   0.01	   23.2	   0.02	   27.6	  
Ho	   0.00	   23.2	   bdl	   bdl	   0.00	   47.5	   0.00	   45.9	   0.00	   46.4	   0.00	   123	   0.00	   106	   0.01	   41.1	   0.01	   39.8	   0.00	   3.14	   0.01	   28.6	  
Er	   0.02	   11.4	   0.00	   89.5	   0.00	   19.2	   0.01	   12.0	   0.00	   38.5	   0.01	   55.5	   0.00	   37.5	   0.03	   7.90	   0.03	   32.9	   0.02	   1.36	   0.03	   19.0	  
Tm	   0.00	   14.5	   0.00	   28.9	   0.00	   39.0	   0.00	   19.3	   0.00	   10.7	   0.00	   63.6	   0.00	   38.4	   0.00	   26.7	   0.01	   37.3	   0.00	   15.1	   0.01	   17.3	  
Yb	   0.04	   8.29	   0.01	   11.9	   0.02	   18.6	   0.03	   5.17	   0.01	   12.3	   0.02	   22.6	   0.02	   0.36	   0.04	   7.00	   0.05	   29.0	   0.05	   14.7	   0.07	   19.3	  
Lu	   0.01	   17.6	   0.00	   5.32	   0.00	   16.5	   0.01	   15.7	   0.00	   32.4	   0.01	   25.6	   0.01	   1.10	   0.01	   32.4	   0.01	   29.3	   0.01	   3.72	   0.02	   19.5	  
Hf	   0.00	   27.8	   bdl	   bdl	   bdl	   bdl	   0.00	   19.1	   0.00	   30.0	   bdl	   bdl	   bdl	   bdl	   0.00	   7.86	   0.00	   34.6	   0.00	   4.33	   0.00	   19.8	  
Ta	   bdl	   bdl	   bdl	   bdl	   0.00	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	  
W	   0.01	   bdl	   bdl	   bdl	   0.00	   bdl	   0.00	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	  
Pb	   0.01	   39.0	   0.01	   bdl	   bdl	   bdl	   0.01	   24.2	   bdl	   bdl	   bdl	   bdl	   0.01	   bdl	   bdl	   bdl	   0.01	   bdl	   bdl	   bdl	   bdl	   bdl	  
Th	   bdl	   bdl	   0.00	   bdl	   bdl	   bdl	   0.00	   bdl	   bdl	   bdl	   bdl	   bdl	   0.00	   11.9	   bdl	   bdl	   bdl	   bdl	   0.00	   42.4	   0.00	   bdl	  
U	   0.00	   58.2	   bdl	   bdl	   bdl	   bdl	   0.00	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   0.00	   6.88	   bdl	   bdl	  
 
Table D.2. Average Trace Element Analyses for Clinopyroxene 
 
	   67-­‐02A(1)	   67-­‐02A(2)	   67-­‐02A(3)_1	   67-­‐02A(3)_2	   67-­‐02A(5)	   67-­‐02B(1)	   67-­‐02B(3)	   67-­‐02B(5)	   67-­‐02B(6)	   67-­‐02D(4)	   67-­‐02E(1)	  
	   ave.	   R.S.D	   ave.	   R.S.D	   ave.	   R.S.D	   ave.	   R.S.D
.	  
ave.	   R.S.D	   ave.	   R.S.D	   ave.	   R.S.D	   ave.	   R.S.D	   ave.	   R.S.D	   ave.	   R.S.D	   ave.	   R.S.D	  
Li	   0.37	   16.0	   0.92	   20.1	   0.69	   11.9	   1.17	   23.2	   0.55	   18.6	   0.78	   19.2	   0.64	   4.21	   0.64	   9.59	   0.48	   22.7	   0.64	   18.6	   1.55	   54.2	  
Ca	   168260	   2.50	   170700	   0.91	   147167	   2.41	   170100	   1.41	   165700	   2.14	   168260	   2.81	   166250	   2.85	   154075	   4.24	   158960	   4.31	   172467	   1.48	   171375	   0.93	  
Sc	   55.7	   4.65	   55.8	   8.36	   44.0	   3.92	   56.5	   3.80	   59.1	   3.80	   59.2	   14.0	   69.4	   18.8	   76.7	   4.07	   65.5	   4.32	   64.1	   10.5	   84.2	   27.0	  
Ti	   289	   3.07	   16.8	   19.7	   276	   5.46	   17.0	   15.9	   101	   44.7	   12.3	   13.9	   35.6	   14.6	   631.
08	  
16.9	   488	   19.2	   119	   13.9	   305	   45.2	  
V	   152	   9.22	   74.6	   18.7	   94.6	   2.63	   85.8	   1.80	   109	   7.75	   93.4	   14.3	   118.
5	  
1.19	   170.
90	  
15.3	   198	   12.2	   110	   12.3	   187	   46.4	  
Cr	   4215	   9.04	   4401	   6.67	   5041	   2.09	   4722	   2.61	   4903	   16.3	   4094	   15.7	   3611	   34.9	   4435	   15.1	   3892	   9.51	   4033	   15.5	   2907	   34.9	  
Mn	   688	   1.33	   501	   8.55	   796	   6.46	   535	   4.05	   518	   2.66	   489	   7.36	   540	   0.60	   1008	   19.6	   694	   5.92	   511	   5.97	   537	   3.20	  
Co	   25.5	   3.01	   16.1	   9.98	   26.5	   0.23	   17.1	   10.0	   18.0	   3.97	   17.4	   8.32	   19.0	   28.8	   26.2	   8.01	   24.6	   9.25	   16.7	   7.75	   16.6	   2.52	  
Ni	   289	   4.45	   306	   9.81	   407	   5.05	   322	   7.82	   331	   3.23	   349	   15.3	   328	   58.7	   350	   15.5	   379	   15.2	   313	   8.77	   306	   6.38	  
Cu	   0.53	   11.3	   0.38	   20.0	   3.41	   37.9	   0.47	   26.2	   2.37	   7.40	   0.53	   27.4	   0.98	   90.4	   2.78	   12.7	   1.43	   34.4	   2.12	   10.2	   0.76	   68.3	  
Zn	   9.95	   7.58	   5.59	   13.8	   14.0	   6.57	   6.68	   7.10	   11.9	   7.91	   6.22	   12.7	   9.16	   41.5	   17.6
4	  
16.6	   13.5	   9.97	   6.94	   15.4	   5.92	   11.7	  
Ga	   1.28	   6.30	   0.64	   26.9	   0.96	   4.52	   0.78	   5.93	   1.03	   23.1	   0.59	   19.1	   0.83	   2.55	   1.94	   13.7	   1.69	   10.4	   0.73	   17.2	   1.12	   36.5	  
Rb	   0.01	   17.4	   bdl	   bdl	   0.02	   54.3	   bdl	   bdl	   0.09	   57.0	   bdl	   bdl	   0.09	   105	   0.01	   28.9	   0.03	   2.09	   0.01	   39.1	   0.01	   19.4	  
Sr	   7.52	   7.67	   4.89	   35.2	   29.5	   7.10	   7.41	   5.75	   13.5	   28.8	   13.0	   16.5	   14.5	   40.2	   30.4
3	  
24.0	   22.7	   47.2	   6.78	   8.13	   10.4	   21.4	  
Y	   2.01	   8.43	   0.28	   63.4	   1.59	   5.53	   0.34	   2.11	   1.21	   16.9	   0.35	   31.6	   0.45	   19.5	   3.47	   10.5	   3.68	   24.6	   1.18	   37.8	   1.59	   36.6	  
Zr	   1.12	   3.87	   0.27	   59.3	   0.21	   2.64	   0.37	   3.79	   1.14	   8.39	   0.91	   30.9	   0.22	   24.7	   1.05	   69.7	   1.75	   32.0	   1.10	   20.2	   1.25	   53.7	  
Nb	   0.01	   27.1	   0.01	   10.5	   0.01	   14.1	   0.01	   4.94	   0.02	   51.6	   0.01	   21.9	   0.01	   15.1	   0.01	   23.3	   0.01	   29.0	   0.01	   11.0	   0.00	   26.7	  
Cs	   0.00	   9.43	   bdl	   bdl	   0.00	   bdl	   bdl	   bdl	   0.01	   34.4	   0.00	   bdl	   0.01	   bdl	   bdl	   bdl	   0.02	   93.0	   0.00	   bdl	   bdl	   bdl	  
Ba	   0.02	   11.7	   bdl	   bdl	   0.07	   29.8	   0.00	   97.9	   0.49	   67.1	   0.02	   bdl	   0.30	   96.2	   0.10	   58.6	   0.45	   103	   0.04	   10.3	   0.01	   bdl	  
La	   0.05	   17.1	   0.03	   91.2	   0.07	   17.5	   0.07	   18.1	   0.13	   10.5	   0.13	   71.3	   0.07	   9.10	   0.17	   62.9	   0.17	   47.9	   0.06	   14.7	   0.07	   47.3	  
Ce	   0.24	   15.4	   0.15	   79.0	   0.33	   11.8	   0.26	   17.9	   0.53	   3.78	   0.37	   28.4	   0.20	   16.9	   0.73	   43.8	   0.69	   39.9	   0.23	   15.9	   0.27	   44.2	  
Pr	   0.06	   22.5	   0.03	   90.9	   0.07	   2.08	   0.05	   14.0	   0.10	   7.12	   0.07	   35.6	   0.03	   55.1	   0.16	   29.5	   0.13	   36.6	   0.06	   48.4	   0.06	   47.3	  
Nd	   0.40	   6.92	   0.15	   95.7	   0.47	   7.52	   0.25	   9.50	   0.58	   9.44	   0.35	   35.1	   0.13	   66.1	   0.99	   20.5	   0.77	   26.8	   0.36	   58.2	   0.34	   52.7	  
Sm	   0.19	   7.58	   0.05	   96.2	   0.20	   1.91	   0.08	   1.75	   0.18	   15.9	   0.11	   44.8	   0.02	   23.9	   0.43	   21.1	   0.32	   23.9	   0.14	   50.1	   0.14	   59.9	  
Eu	   0.06	   20.4	   0.02	   96.9	   0.07	   5.57	   0.02	   9.87	   0.06	   12.0	   0.03	   49.7	   0.01	   3.63	   0.15	   16.9	   0.12	   26.5	   0.03	   7.53	   0.05	   47.5	  
Gd	   0.26	   10.3	   0.04	   93.3	   0.27	   3.66	   0.07	   9.43	   0.20	   7.58	   0.08	   52.5	   0.04	   5.66	   0.59	   8.59	   0.50	   28.7	   0.18	   47.1	   0.20	   53.2	  
Tb	   0.05	   12.7	   0.01	   114	   0.04	   1.40	   0.01	   10.5	   0.03	   16.8	   0.01	   42.8	   0.01	   14.9	   0.10	   15.6	   0.09	   24.8	   0.02	   23.8	   0.04	   42.2	  
Dy	   0.36	   8.73	   0.04	   87.9	   0.29	   7.55	   0.05	   4.86	   0.21	   15.1	   0.06	   35.1	   0.05	   14.0	   0.68	   10.3	   0.67	   26.3	   0.23	   40.3	   0.27	   44.7	  
Ho	   0.08	   9.02	   0.01	   50.0	   0.06	   5.26	   0.01	   1.24	   0.04	   20.7	   0.01	   42.6	   0.02	   18.7	   0.15	   8.23	   0.14	   25.9	   0.05	   34.6	   0.07	   41.4	  
Er	   0.24	   6.37	   0.03	   45.6	   0.18	   4.15	   0.04	   9.64	   0.14	   22.5	   0.04	   34.6	   0.06	   10.7	   0.40	   9.86	   0.43	   21.7	   0.14	   27.6	   0.21	   35.2	  
Tm	   0.03	   9.22	   0.01	   80.4	   0.02	   15.3	   0.01	   16.6	   0.02	   20.8	   0.01	   33.9	   0.01	   26.5	   0.05	   6.85	   0.06	   28.3	   0.02	   5.37	   0.03	   25.5	  
Yb	   0.20	   10.1	   0.06	   31.9	   0.15	   6.90	   0.07	   6.73	   0.14	   24.8	   0.06	   27.3	   0.09	   24.2	   0.33	   10.4	   0.37	   26.8	   0.15	   20.6	   0.22	   28.2	  
Lu	   0.03	   6.89	   0.01	   46.2	   0.02	   4.78	   0.01	   2.19	   0.02	   11.9	   0.01	   33.4	   0.02	   22.6	   0.05	   10.9	   0.05	   22.5	   0.02	   25.7	   0.04	   31.0	  
Hf	   0.04	   12.4	   0.01	   101	   0.01	   7.99	   0.00	   33.5	   0.03	   4.10	   0.02	   44.9	   0.01	   35.2	   0.05	   58.9	   0.08	   27.1	   0.05	   7.95	   0.07	   73.0	  
Ta	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   0.03	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   0.00	   bdl	   bdl	   bdl	   bdl	   bdl	  
W	   0.01	   67.7	   bdl	   bdl	   bdl	   bdl	   bdl	   bdl	   0.03	   bdl	   0.00	   bdl	   0.00	   116	   0.00	   115	   0.00	   bdl	   bdl	   bdl	   bdl	   bdl	  
Pb	   0.04	   28.3	   0.01	   bdl	   0.04	   44.2	   0.01	   bdl	   0.06	   26.5	   0.02	   14.1	   0.12	   26.7	   0.03	   37.0	   0.05	   24.0	   0.03	   13.6	   0.01	   12.8	  
Th	   bdl	   bdl	   bdl	   bdl	   0.00	   bdl	   bdl	   bdl	   0.00	   35.4	   0.00	   bdl	   0.00	   bdl	   0.00	   128	   0.00	   52.8	   0.00	   33.8	   0.00	   bdl	  
U	   0.00	   bdl	   bdl	   bdl	   0.00	   bdl	   bdl	   bdl	   0.00	   15.7	   0.00	   bdl	   0.01	   98.8	   0.00	   bdl	   0.00	   8.50	   0.00	   21.2	   0.00	   bdl	  
 
 
	  
  
Appendix E 
 
Tubaf Xenoliths: Major Element Composition
Table E.1. Representative Olivine Analyses  
 
Analysis	  #	   SiO2	   MgO	   NiO	   FeO*	   CaO	   Na2O	   Mg#	  
136309_A.1	   40.35	   47.21	   0.23	   11.98	   0.01	   0.17	   87.48	  
136309_A.2	   40.32	   47.41	   0.25	   11.79	   0.01	   0.20	   87.24	  
136309_A.3	   40.35	   47.60	   0.24	   11.62	   	   0.17	   87.38	  
136309_A.4	   40.37	   47.40	   0.23	   11.81	   0.02	   0.16	   87.45	  
136309_A.6	   40.37	   47.39	   0.23	   11.80	   	   0.18	   87.51	  
136309_A.7	   40.35	   47.30	   0.24	   11.88	   0.02	   0.19	   87.41	  
136309_A.8	   40.33	   47.16	   0.21	   12.01	   0.03	   0.18	   87.43	  
136309_A.9	   40.34	   46.76	   0.25	   12.45	   0.00	   0.20	   87.01	  
136309_AA.1	   40.96	   49.36	   0.42	   9.08	   0.03	   0.14	   90.64	  
136309_AA.2	   40.94	   49.31	   0.41	   9.17	   0.01	   0.14	   90.55	  
136309_AA.3	   40.89	   49.79	   0.39	   8.76	   0.03	   0.12	   90.59	  
136309_AA.4	   41.01	   49.33	   0.37	   9.10	   0.02	   0.13	   90.62	  
136309_AA.5	   40.87	   49.73	   0.40	   8.78	   0.02	   0.15	   90.59	  
136309_AA.6	   40.89	   49.82	   0.37	   8.74	   0.02	   0.13	   90.64	  
136309_AA.7	   40.95	   49.48	   0.42	   8.92	   0.02	   0.13	   90.81	  
136309_AA.8	   40.90	   49.41	   0.42	   9.10	   0.02	   0.12	   90.64	  
136309_AA.9	   41.02	   49.25	   0.40	   9.12	   0.02	   0.13	   90.59	  
136309_AA.10	   41.04	   49.32	   0.42	   9.08	   0.03	   0.11	   90.64	  
136309_B.1	   41.08	   49.34	   0.38	   9.02	   0.04	   0.13	   90.70	  
136309_B.2	   40.90	   50.31	   0.39	   8.20	   0.04	   0.12	   90.77	  
136309_B.3	   41.06	   49.45	   0.40	   8.90	   0.01	   0.15	   90.83	  
136309_B.4	   41.03	   49.54	   0.38	   8.88	   0.01	   0.13	   90.87	  
136309_B.5	   41.03	   49.54	   0.40	   8.88	   	   0.13	   90.87	  
136309_B.6	   40.93	   50.07	   0.39	   8.45	   0.01	   0.12	   90.85	  
136309_B.7	   40.91	   49.62	   0.44	   8.87	   0.02	   0.10	   90.79	  
136309_B.8	   41.03	   49.52	   0.40	   8.85	   0.03	   0.13	   90.89	  
136309_B.9	   40.89	   49.58	   0.43	   8.94	   0.01	   0.10	   90.73	  
136309_B.10	   40.91	   49.77	   0.42	   8.71	   	   0.15	   90.80	  
136309_D.1	   40.80	   49.70	   0.40	   8.85	   0.04	   0.15	   90.24	  
136309_D.2	   40.89	   49.14	   0.42	   9.39	   0.00	   0.13	   90.31	  
136309_D.3	   40.86	   49.26	   0.40	   9.26	   0.01	   0.12	   90.46	  
136309_D.4	   40.86	   48.92	   0.39	   9.62	   0.02	   0.15	   90.06	  
136309_D.5	   41.02	   49.61	   0.40	   8.78	   0.04	   0.13	   90.97	  
136309_D.6	   40.85	   50.07	   0.41	   8.53	   0.03	   0.10	   90.38	  
136309_D.7	   40.83	   50.06	   0.40	   8.51	   0.02	   0.16	   90.39	  
136309_D.8	   40.92	   49.29	   0.40	   9.25	   0.02	   0.12	   90.48	  
136309_D.9	   41.19	   49.16	   0.39	   9.10	   0.00	   0.14	   90.59	  
136309_D.10	   40.91	   49.23	   0.37	   9.31	   0.02	   0.12	   90.41	  
136309_F.1	   41.22	   49.19	   0.39	   9.05	   0.00	   0.13	   90.64	  
136309_F.2	   40.88	   49.83	   0.39	   8.72	   0.03	   0.12	   90.56	  
136309_F.3	   41.06	   49.14	   0.36	   9.21	   0.02	   0.15	   90.48	  
136309_F.4	   40.89	   49.63	   0.36	   8.94	   0.02	   0.13	   90.63	  
136309_F.5	   40.93	   49.56	   0.36	   8.97	   0.03	   0.10	   90.79	  
136309_F.6	   40.98	   49.41	   0.39	   9.06	   0.02	   0.14	   90.67	  
136309_F.7	   40.97	   49.53	   0.39	   8.94	   0.02	   0.13	   90.81	  
136309_F.8	   40.91	   49.69	   0.38	   8.88	   0.02	   0.12	   90.68	  
136309_F.9	   40.87	   49.92	   0.36	   8.66	   0.03	   0.11	   90.53	  
136309_F.10	   40.89	   49.70	   0.37	   8.78	   0.03	   0.14	   90.78	  
136309_G.1	   40.88	   49.64	   0.39	   8.90	   	   0.17	   90.59	  
136309_G.2	   40.91	   49.56	   0.39	   8.96	   0.02	   0.14	   90.76	  
136309_G.3	   41.07	   49.24	   0.41	   9.12	   0.01	   0.13	   90.58	  
136309_G.4	   41.11	   49.23	   0.44	   9.03	   0.01	   0.13	   90.67	  
136309_G.5	   40.85	   49.39	   0.40	   9.17	   0.02	   0.16	   90.43	  
136309_G.6	   40.88	   49.92	   0.39	   8.64	   0.01	   0.15	   90.55	  
136309_G.7	   41.00	   49.50	   0.40	   8.91	   0.01	   0.13	   90.82	  
136309_G.8	   40.89	   50.00	   0.41	   8.55	   	   0.12	   90.61	  
136309_G.9	   40.90	   49.39	   0.41	   9.12	   0.02	   0.15	   90.61	  
136309_G_opx.1	   41.18	   49.56	   0.08	   8.85	   	   0.19	   90.89	  
136309_G_opx.2	   40.93	   49.97	   0.42	   8.51	   0.02	   0.14	   90.87	  
136309_G_opx.3	   40.92	   49.61	   0.39	   8.90	   0.03	   0.15	   90.79	  
136309_G_opx.5	   40.92	   49.43	   0.42	   9.04	   0.03	   0.15	   90.70	  
136309_G_opx.6	   40.84	   49.74	   0.41	   8.76	   0.05	   0.16	   90.43	  
136309_G_opx.7	   40.92	   50.16	   0.36	   8.35	   0.05	   0.12	   90.81	  
136309_G_opx.8	   40.87	   49.65	   0.41	   8.90	   0.02	   0.13	   90.50	  
136309_G_opx.9	   40.95	   50.19	   0.41	   8.26	   0.02	   0.14	   91.00	  
136309_G_opx.10	   40.87	   49.69	   0.40	   8.87	   	   0.13	   90.54	  
136309_G_opx.11	   40.89	   49.47	   0.43	   9.03	   0.05	   0.12	   90.68	  
136309_J.1	   40.91	   49.68	   0.37	   8.85	   0.00	   0.15	   90.74	  
136309_J.2	   40.96	   49.39	   0.39	   9.07	   0.02	   0.14	   90.66	  
136309_J.3	   40.97	   49.42	   0.36	   9.04	   0.03	   0.12	   90.70	  
136309_J.4	   40.97	   49.49	   0.37	   9.01	   0.04	   0.12	   90.74	  
136309_J.5	   40.91	   50.17	   0.38	   8.35	   0.03	   0.14	   90.75	  
136309_J.6	   40.94	   49.97	   0.40	   8.51	   0.01	   0.14	   90.92	  
136309_J.7	   40.94	   50.01	   0.41	   8.48	   0.00	   0.12	   90.91	  
136309_J.8	   41.04	   49.52	   0.37	   8.89	   0.03	   0.12	   90.85	  
136309_J.9	   40.90	   49.63	   0.40	   8.84	   0.02	   0.14	   90.84	  
136309_K.1	   40.78	   49.07	   0.34	   9.65	   0.03	   0.13	   89.91	  
136309_K.2	   41.04	   49.08	   0.36	   9.33	   0.02	   0.15	   90.36	  
136309_K.3	   40.90	   49.21	   0.37	   9.27	   0.05	   0.14	   90.44	  
136309_K.4	   41.08	   49.08	   0.41	   9.24	   0.02	   0.15	   90.45	  
136309_K.5	   40.88	   48.99	   0.36	   9.52	   0.03	   0.16	   90.17	  
136309_K.6	   41.09	   48.90	   0.38	   9.45	   0.01	   0.13	   90.22	  
136309_K.7	   40.90	   49.19	   0.38	   9.34	   0.02	   0.15	   90.37	  
136309_K.8	   40.81	   48.99	   0.37	   9.62	   0.02	   0.16	   90.08	  
136309_K.9	   40.78	   49.55	   0.40	   9.05	   0.03	   0.15	   90.07	  
136309_K.10	   40.85	   49.85	   0.41	   8.70	   0.02	   0.15	   90.40	  
136309_K_opx.1	   40.85	   49.35	   0.37	   9.23	   0.04	   0.14	   90.40	  
136309_K_opx.2	   40.81	   49.28	   0.38	   9.29	   0.03	   0.17	   90.24	  
136309_K_opx.3	   40.84	   49.35	   0.36	   9.25	   0.00	   0.17	   90.34	  
136309_K_opx.4	   40.88	   49.03	   0.36	   9.54	   0.02	   0.17	   90.16	  
136309_K_opx.5	   40.86	   49.23	   0.36	   9.36	   0.04	   0.15	   90.36	  
136309_K_opx.6	   41.02	   49.06	   0.38	   9.35	   0.05	   0.14	   90.34	  
136309_K_opx.7	   40.86	   49.49	   0.40	   9.05	   0.04	   0.15	   90.45	  
136309_K_opx.8	   40.86	   49.38	   0.38	   9.21	   0.00	   0.14	   90.45	  
136309_N.1	   41.15	   49.61	   0.40	   8.68	   0.04	   0.12	   91.07	  
136309_N.2	   40.95	   50.24	   0.42	   8.26	   	   0.11	   90.95	  
136309_N.3	   41.14	   49.45	   0.39	   8.86	   0.01	   0.13	   90.87	  
136309_N.4	   41.01	   49.59	   0.39	   8.86	   0.01	   0.12	   90.89	  
136309_N.5	   40.95	   49.78	   0.40	   8.71	   0.04	   0.10	   91.00	  
136309_N.6	   40.98	   49.56	   0.39	   8.86	   0.04	   0.11	   90.88	  
136309_N.7	   41.06	   49.52	   0.38	   8.86	   0.03	   0.11	   90.88	  
136309_N.8	   40.96	   49.70	   0.41	   8.75	   0.02	   0.12	   91.01	  
136309_N.9	   41.07	   49.49	   0.42	   8.85	   0.01	   0.12	   90.88	  
136309_N.10	   41.00	   49.56	   0.40	   8.81	   0.01	   0.16	   90.93	  
136309_S.1	   40.97	   49.32	   0.40	   9.11	   0.03	   0.13	   90.61	  
136309_S.2	   40.91	   49.67	   0.35	   8.90	   0.03	   0.13	   90.67	  
136309_S_cpx.3	   40.88	   49.49	   0.36	   9.10	   0.00	   0.14	   90.59	  
136309_S.4	   41.00	   49.38	   0.37	   9.05	   0.04	   0.14	   90.68	  
136309_S.5	   41.05	   49.21	   0.38	   9.17	   0.02	   0.14	   90.54	  
136309_S.6	   40.88	   49.65	   0.35	   8.91	   0.01	   0.14	   90.64	  
136309_S.7	   40.91	   49.57	   0.37	   8.96	   0.01	   0.15	   90.79	  
136309_S.8	   40.88	   49.42	   0.36	   9.16	   0.02	   0.15	   90.54	  
136309_S.9	   41.00	   49.30	   0.40	   9.15	   0.01	   0.12	   90.57	  
136309_S.10	   40.89	   49.77	   0.33	   8.86	   0.02	   0.13	   90.48	  
136309_S.11	   41.05	   49.37	   0.38	   9.08	   0.01	   0.12	   90.65	  
Table E.2. Representative Orthopyroxene Analyses 
 
Analysis	  #	   SiO2	   TiO2	   Al2O3	   Cr2O3	   FeO*	   MnO	   MgO	   CaO	   Na2O	   NiO	   Mg#	  
136309_A.2	   57.16	   0.02	   1.10	   0.18	   6.18	   0.11	   34.99	   0.19	   0.03	   0.03	   91.87	  
136309_A_c.5	   57.29	   0.02	   0.72	   0.18	   7.25	   0.13	   34.12	   0.21	   0.03	   0.05	   89.50	  
136309_A_ol.5	   56.58	   0.02	   0.90	   0.32	   7.90	   0.18	   32.98	   1.07	   	   0.03	   88.94	  
136309_A_ol.10	   56.84	   0.05	   0.85	   0.28	   7.76	   0.21	   33.14	   0.80	   	   0.06	   88.52	  
136309_AA.1	   56.32	   0.03	   2.21	   0.53	   6.17	   0.17	   33.56	   0.92	   	   0.08	   90.65	  
136309_AA.2	   56.15	   0.01	   2.08	   0.53	   6.12	   0.15	   34.04	   0.84	   0.02	   0.07	   92.20	  
136309_AA.3	   56.42	   	   2.08	   0.49	   5.99	   0.16	   33.95	   0.83	   	   0.08	   91.37	  
136309_AA.4	   56.82	   0.01	   1.77	   0.41	   6.13	   0.15	   34.01	   0.63	   	   0.06	   90.81	  
136309_AA.5	   56.64	   0.02	   1.87	   0.41	   6.06	   0.15	   34.10	   0.67	   0.01	   0.06	   91.13	  
136309_AA.6	   56.46	   	   1.88	   0.47	   6.08	   0.16	   34.24	   0.65	   	   0.06	   91.78	  
136309_AA.7	   56.62	   	   1.92	   0.48	   6.02	   0.16	   33.98	   0.73	   	   0.08	   90.96	  
136309_AA.8	   56.57	   	   2.00	   0.46	   6.03	   0.15	   34.00	   0.71	   	   0.07	   91.04	  
136309_AA.9	   56.41	   0.07	   1.99	   0.51	   6.10	   0.15	   33.74	   0.95	   	   0.08	   90.93	  
136309_AA.10	   56.41	   	   2.06	   0.47	   6.27	   0.15	   33.80	   0.76	   	   0.07	   90.85	  
136309_B.1	   56.12	   	   2.20	   0.46	   6.12	   0.15	   34.01	   0.84	   	   0.09	   92.06	  
136309_B.2	   56.45	   	   2.07	   0.52	   5.86	   0.16	   34.37	   0.47	   0.02	   0.09	   91.95	  
136309_B.3	   56.30	   0.04	   1.99	   0.48	   6.15	   0.14	   34.04	   0.75	   0.02	   0.08	   91.71	  
136309_B.4	   56.33	   0.02	   2.00	   0.46	   6.01	   0.16	   34.23	   0.69	   0.01	   0.07	   92.08	  
136309_B.5	   56.49	   	   1.97	   0.41	   5.99	   0.16	   34.25	   0.63	   	   0.09	   91.71	  
136309_B.6	   56.37	   0.03	   2.05	   0.44	   5.98	   0.15	   34.16	   0.70	   0.01	   0.10	   91.79	  
136309_B.7	   56.35	   	   2.11	   0.47	   6.10	   0.13	   34.00	   0.76	   	   0.06	   91.49	  
136309_B.8	   56.66	   	   2.03	   0.44	   6.07	   0.15	   33.82	   0.73	   	   0.10	   90.84	  
136309_B.9	   56.31	   	   2.07	   0.48	   6.02	   0.13	   34.10	   0.80	   	   0.09	   91.88	  
136309_B.10	   56.38	   0.04	   2.01	   0.43	   6.01	   0.15	   34.18	   0.72	   	   0.06	   91.83	  
136309_D.1	   57.03	   	   1.34	   0.42	   6.11	   0.16	   34.03	   0.80	   	   0.09	   90.84	  
136309_D.2	   56.90	   	   1.27	   0.37	   6.20	   0.17	   34.35	   0.68	   	   0.06	   91.40	  
136309_D.3	   56.91	   	   1.30	   0.40	   6.23	   0.16	   34.27	   0.61	   0.02	   0.10	   91.16	  
136309_D.4	   56.69	   	   1.38	   0.42	   6.19	   0.15	   34.15	   0.94	   0.03	   0.05	   91.83	  
136309_D.5	   56.93	   0.01	   1.19	   0.35	   6.23	   0.14	   34.46	   0.61	   	   0.08	   91.48	  
136309_D.6	   56.71	   0.03	   1.43	   0.49	   6.13	   0.16	   34.47	   0.51	   	   0.06	   91.72	  
136309_D.7	   56.88	   0.04	   1.29	   0.45	   6.12	   0.16	   34.21	   0.71	   0.01	   0.10	   91.13	  
136309_D.8	   56.69	   	   1.21	   0.37	   6.31	   0.13	   34.59	   0.59	   	   0.09	   92.21	  
136309_D.9	   56.87	   	   1.31	   0.37	   6.17	   0.15	   34.22	   0.81	   	   0.08	   91.32	  
136309_D.10	   56.79	   0.02	   1.35	   0.46	   6.12	   0.14	   34.33	   0.70	   	   0.07	   91.51	  
136309_F.1	   56.37	   0.06	   1.79	   0.44	   6.07	   0.15	   34.51	   0.52	   0.02	   0.08	   92.45	  
136309_F.2	   56.70	   0.06	   1.88	   0.40	   6.15	   0.13	   33.89	   0.70	   0.02	   0.08	   90.76	  
136309_F.3	   56.29	   0.07	   1.94	   0.49	   6.13	   0.13	   34.09	   0.77	   0.01	   0.07	   91.77	  
136309_F.4	   56.50	   0.06	   1.97	   0.48	   5.93	   0.12	   34.13	   0.74	   	   0.07	   91.42	  
136309_F.5	   56.22	   0.09	   2.02	   0.48	   5.90	   0.15	   34.19	   0.86	   0.01	   0.08	   92.36	  
136309_F.6	   56.59	   0.06	   2.00	   0.49	   5.93	   0.14	   33.86	   0.83	   0.01	   0.08	   91.05	  
136309_F.7	   56.91	   0.09	   1.49	   0.32	   5.96	   0.15	   34.52	   0.48	   0.01	   0.07	   91.42	  
136309_F.8	   55.95	   0.06	   2.26	   0.53	   5.95	   0.13	   34.08	   0.91	   	   0.11	   92.53	  
136309_F.9	   56.36	   0.05	   2.03	   0.50	   6.01	   0.15	   34.16	   0.65	   	   0.10	   91.62	  
136309_F.10	   56.46	   0.05	   1.94	   0.45	   5.92	   0.12	   34.01	   0.94	   0.02	   0.08	   91.66	  
136309_G_ol.5	   56.63	   0.03	   1.52	   0.41	   6.13	   0.15	   34.19	   0.86	   	   0.07	   91.68	  
136309_J.1	   56.76	   0.03	   1.60	   0.44	   6.05	   0.13	   34.08	   0.82	   0.02	   0.06	   91.21	  
136309_J.2	   56.73	   	   1.68	   0.47	   5.93	   0.15	   34.01	   0.94	   0.01	   0.09	   91.22	  
136309_J.3	   56.67	   0.03	   1.52	   0.38	   5.90	   0.14	   34.60	   0.65	   	   0.10	   92.33	  
136309_J.4	   56.90	   	   1.62	   0.44	   5.92	   0.14	   34.17	   0.74	   	   0.07	   91.14	  
136309_J.5	   56.59	   0.08	   1.68	   0.45	   6.03	   0.15	   34.17	   0.81	   0.01	   0.02	   91.62	  
136309_J.6	   56.91	   0.06	   1.56	   0.43	   6.07	   0.15	   34.01	   0.75	   0.01	   0.05	   90.89	  
136309_J_ol.6	   56.80	   0.05	   1.44	   0.38	   6.10	   0.15	   34.41	   0.59	   0.01	   0.07	   91.53	  
136309_J.7	   57.34	   	   0.97	   0.17	   6.08	   0.14	   34.79	   0.43	   	   0.08	   91.37	  
136309_J.8	   56.35	   	   1.54	   0.46	   6.23	   0.15	   34.43	   0.75	   0.02	   0.07	   92.76	  
136309_J.9	   56.52	   0.02	   1.61	   0.41	   6.05	   0.15	   34.43	   0.74	   	   0.08	   92.30	  
136309_J.10	   56.45	   0.03	   1.78	   0.62	   5.70	   0.15	   33.84	   1.34	   	   0.10	   91.88	  
136309_N.1	   56.82	   	   1.86	   0.53	   5.71	   0.12	   34.12	   0.73	   0.01	   0.09	   91.41	  
136309_N.2	   56.47	   	   1.84	   0.52	   5.99	   0.13	   34.06	   0.83	   0.02	   0.13	   91.72	  
136309_N.3	   56.71	   	   1.79	   0.46	   5.80	   0.14	   34.38	   0.62	   	   0.09	   91.67	  
136309_N.4	   56.52	   0.03	   1.84	   0.49	   5.89	   0.14	   34.21	   0.81	   	   0.08	   91.80	  
136309_N.5	   56.44	   	   1.88	   0.52	   5.99	   0.15	   34.04	   0.86	   0.02	   0.09	   91.74	  
136309_N.6	   56.84	   	   1.73	   0.38	   5.88	   0.14	   34.37	   0.58	   	   0.08	   91.34	  
136309_N.7	   56.29	   0.02	   2.10	   0.50	   5.93	   0.15	   34.12	   0.82	   	   0.06	   92.01	  
136309_N.8	   56.85	   	   1.90	   0.48	   5.84	   0.17	   33.89	   0.77	   0.01	   0.08	   91.17	  
136309_N.9	   56.51	   0.02	   1.76	   0.49	   5.79	   0.14	   34.27	   0.92	   0.02	   0.08	   92.30	  
136309_N.10	   56.76	   0.01	   1.76	   0.47	   5.86	   0.14	   34.13	   0.77	   	   0.09	   91.21	  
136309_S.1	   56.73	   0.04	   1.44	   0.40	   6.06	   0.15	   34.27	   0.85	   	   0.06	   91.69	  
136309_S.2	   56.87	   0.02	   1.44	   0.42	   6.11	   0.16	   34.08	   0.83	   0.02	   0.04	   91.05	  
136309_S.3	   57.34	   0.04	   1.26	   0.39	   5.94	   0.15	   34.03	   0.76	   0.01	   0.07	   91.07	  
136309_S.4	   56.95	   0.05	   1.31	   0.44	   6.05	   0.21	   34.08	   0.82	   0.03	   0.07	   91.04	  
136309_S.5	   57.10	   0.02	   1.37	   0.41	   6.09	   0.17	   33.90	   0.85	   0.01	   0.08	   90.84	  
136309_S.6	   56.65	   0.02	   1.45	   0.43	   6.03	   0.14	   34.40	   0.80	   0.02	   0.07	   92.20	  
136309_S.7	   56.82	   0.02	   1.26	   0.42	   6.05	   0.15	   34.85	   0.34	   	   0.08	   92.23	  
136309_S.8	   57.97	   0.07	   0.13	   0.17	   6.52	   0.18	   34.85	   0.10	   	   0.01	   90.50	  
136309_S.9	   56.57	   0.01	   1.52	   0.50	   5.91	   0.15	   34.17	   1.08	   	   0.09	   92.16	  
136309_S.10	   57.00	   0.04	   1.32	   0.37	   5.99	   0.17	   34.42	   0.61	   	   0.07	   91.25	  
 
 
 
 
 
 
 
 
Table E.3. Representative Clinopyroxene Analyses  
 
Analysis	  #	   SiO2	   TiO2	   Al2O3	   FeO*	   MnO	   MgO	   CaO	   Na2O	   NiO	   Mg#	  
136309_A.6	   50.77	   0.30	   3.74	   5.93	   0.16	   15.07	   23.55	   0.42	   0.02	   82.06	  
136309_AA.1	   52.65	   0.02	   2.50	   2.13	   0.09	   16.78	   24.74	   0.12	   0.03	   93.37	  
136309_AA.2	   53.10	   0.05	   1.69	   1.96	   0.06	   17.43	   24.87	   0.12	   0.07	   94.09	  
136309_AA.3	   53.10	   0.03	   1.83	   1.97	   0.06	   17.44	   24.76	   0.10	   0.05	   94.07	  
136309_AA.4	   52.68	   	   2.27	   1.79	   0.08	   16.59	   25.57	   0.10	   0.05	   94.33	  
136309_AA.5	   52.49	   0.01	   2.23	   2.19	   0.09	   17.19	   24.91	   0.11	   0.04	   93.38	  
136309_AA.6	   52.54	   0.05	   2.52	   2.23	   0.07	   17.58	   23.95	   0.10	   0.06	   93.40	  
136309_AA.7	   52.23	   0.01	   2.44	   2.22	   0.09	   17.03	   24.86	   0.14	   0.03	   93.22	  
136309_AA.8	   52.87	   	   2.34	   2.34	   0.08	   17.44	   23.84	   0.13	   0.05	   93.02	  
136309_AA.9	   52.74	   0.03	   2.20	   2.25	   0.08	   17.15	   24.62	   0.09	   0.04	   93.18	  
136309_AA.10	   52.98	   0.03	   2.24	   2.33	   0.07	   17.79	   23.63	   0.06	   0.04	   93.17	  
136309_B.1	   52.36	   0.00	   2.16	   2.11	   0.07	   16.98	   25.45	   0.04	   0.03	   93.53	  
136309_B.2	   52.61	   0.05	   2.34	   2.14	   0.07	   16.98	   24.93	   0.03	   0.04	   93.42	  
136309_B.3	   52.32	   	   2.28	   2.13	   0.08	   17.37	   24.92	   0.05	   0.03	   93.61	  
136309_B.4	   52.62	   0.03	   2.12	   2.08	   0.08	   17.43	   24.84	   0.03	   0.04	   93.76	  
136309_B.5	   52.40	   0.02	   2.20	   1.92	   0.09	   17.07	   25.28	   0.04	   0.03	   94.11	  
136309_B.6	   52.49	   0.00	   2.29	   2.11	   0.07	   16.96	   25.17	   0.06	   0.06	   93.50	  
136309_B.7	   52.76	   	   2.15	   2.05	   0.09	   17.05	   25.03	   0.07	   0.05	   93.71	  
136309_B.8	   52.54	   0.05	   2.33	   2.21	   0.08	   17.61	   24.28	   0.05	   0.05	   93.46	  
136309_B.9	   52.68	   0.01	   2.24	   2.27	   0.06	   17.44	   24.46	   0.05	   0.08	   93.23	  
136309_B.10	   52.42	   0.03	   2.22	   2.12	   0.06	   17.44	   24.89	   0.05	   0.06	   93.64	  
136309_D.1	   52.79	   0.03	   1.80	   2.21	   0.07	   17.15	   24.81	   0.15	   0.03	   93.28	  
136309_D.2	   53.61	   0.00	   1.22	   1.94	   0.07	   17.37	   25.05	   0.14	   0.03	   94.12	  
136309_D.3	   53.13	   	   1.55	   2.09	   0.09	   17.71	   24.49	   0.15	   0.04	   93.83	  
136309_D.4	   53.13	   0.01	   1.49	   1.66	   0.10	   17.50	   25.04	   0.16	   0.05	   94.96	  
136309_D.5-­‐1	   52.83	   0.02	   1.77	   2.09	   0.08	   17.10	   24.86	   0.20	   0.04	   93.61	  
136309_D.5-­‐2	   53.30	   	   1.73	   5.07	   0.11	   25.21	   13.68	   0.08	   0.03	   89.96	  
136309_D.6	   52.81	   	   1.54	   1.93	   0.05	   17.26	   25.39	   0.13	   0.00	   94.13	  
136309_D.7	   53.07	   0.05	   2.21	   1.88	   0.07	   17.60	   23.72	   0.45	   0.05	   94.38	  
136309_D.8	   53.56	   0.05	   1.49	   2.15	   0.07	   17.54	   24.21	   0.19	   0.03	   93.58	  
136309_D.9	   53.03	   0.03	   1.61	   2.41	   0.08	   17.69	   24.19	   0.15	   0.02	   92.94	  
136309_D.10	   53.00	   	   1.52	   2.07	   0.06	   17.50	   24.77	   0.17	   0.06	   93.81	  
136309_F.1	   52.74	   0.11	   2.55	   1.90	   0.06	   17.14	   24.34	   0.13	   0.03	   94.16	  
136309_F.2	   53.02	   0.14	   1.98	   1.98	   0.07	   17.39	   24.68	   0.08	   0.02	   94.01	  
136309_F.3	   52.33	   0.18	   2.41	   1.70	   0.09	   17.02	   25.19	   0.08	   0.06	   94.72	  
136309_F.4	   53.05	   0.11	   2.11	   2.17	   0.07	   17.19	   24.44	   0.07	   0.04	   93.39	  
136309_F.5	   52.67	   0.12	   2.27	   2.37	   0.06	   17.29	   24.21	   0.14	   0.04	   92.90	  
136309_F.6	   52.24	   0.14	   2.36	   1.96	   0.09	   17.06	   24.99	   0.12	   0.05	   93.98	  
136309_F.7	   53.25	   0.11	   1.03	   1.54	   0.07	   17.67	   25.91	   0.06	   0.05	   95.36	  
136309_F.8	   52.43	   0.12	   2.24	   2.00	   0.09	   17.26	   24.89	   0.08	   0.04	   93.93	  
136309_F.9	   52.60	   0.10	   2.43	   1.82	   0.06	   17.17	   24.77	   0.12	   0.05	   94.42	  
136309_F.10	   52.49	   0.12	   2.28	   1.87	   0.05	   16.93	   25.16	   0.08	   0.04	   94.19	  
136309_G.1	   52.40	   0.17	   1.79	   4.03	   0.11	   16.65	   24.51	   0.21	   0.04	   88.14	  
136309_G.2	   53.64	   0.03	   0.86	   1.84	   0.10	   17.68	   25.50	   0.04	   0.04	   94.50	  
136309_G.4-­‐1	   53.81	   0.03	   0.81	   1.58	   0.06	   17.59	   25.80	   0.05	   0.02	   95.22	  
136309_G.4-­‐2	   53.83	   0.15	   4.78	   4.16	   0.14	   20.35	   14.00	   0.92	   0.05	   89.67	  
136309_G.5	   52.02	   0.23	   2.48	   4.57	   0.10	   15.98	   24.10	   0.34	   0.02	   86.28	  
136309_G.6	   53.29	   0.05	   1.50	   1.98	   0.07	   17.09	   25.20	   0.12	   0.06	   93.91	  
136309_G.7	   52.97	   0.09	   1.42	   5.84	   0.22	   16.34	   22.58	   0.35	   0.03	   83.38	  
136309_G.8	   52.84	   0.06	   0.95	   1.92	   0.08	   17.02	   25.76	   1.11	   0.03	   94.15	  
136309_G.9	   51.69	   0.23	   2.53	   5.38	   0.11	   15.27	   24.40	   0.33	   0.03	   83.62	  
136309_G.10	   53.26	   0.02	   1.87	   1.87	   0.08	   17.20	   24.68	   0.14	   0.07	   94.26	  
136309_J.1	   53.28	   0.06	   1.94	   2.00	   0.08	   16.89	   24.70	   0.12	   0.03	   93.78	  
136309_J.2	   53.00	   0.04	   2.04	   2.17	   0.07	   17.31	   24.28	   0.14	   0.05	   93.45	  
136309_J.3	   53.10	   0.03	   1.75	   1.91	   0.07	   17.20	   24.93	   0.12	   0.05	   94.16	  
136309_J.4	   52.88	   0.02	   1.96	   2.07	   0.09	   17.14	   24.83	   0.12	   0.05	   93.69	  
136309_J.5	   53.37	   0.04	   1.83	   2.25	   0.07	   17.33	   24.10	   0.16	   0.08	   93.23	  
136309_J.6	   53.01	   0.03	   1.94	   2.20	   0.10	   17.41	   24.23	   0.18	   0.04	   93.42	  
136309_J.7	   53.03	   0.03	   1.95	   2.19	   0.08	   17.52	   24.12	   0.16	   0.04	   93.47	  
136309_J.8	   53.07	   0.03	   1.57	   1.85	   0.08	   17.57	   25.04	   0.10	   0.03	   94.47	  
136309_J.9	   52.79	   0.01	   1.63	   1.70	   0.07	   17.22	   25.56	   0.06	   0.04	   94.79	  
136309_J.10	   52.83	   0.08	   1.99	   2.03	   0.08	   17.10	   24.77	   0.13	   0.05	   93.79	  
136309_K.1	   51.56	   0.21	   2.79	   4.75	   0.13	   15.92	   24.09	   0.36	   0.01	   85.78	  
136309_K.2	   51.75	   0.25	   2.66	   4.85	   0.12	   15.70	   24.04	   0.38	   0.03	   85.35	  
136309_K.3	   52.10	   0.22	   1.94	   5.28	   0.15	   16.08	   23.88	   0.28	   0.01	   84.56	  
136309_K.4	   52.34	   0.22	   2.42	   4.46	   0.10	   15.97	   23.95	   0.34	   0.02	   86.53	  
136309_K.5	   53.10	   0.09	   1.74	   2.18	   0.09	   17.22	   24.45	   0.26	   0.05	   93.41	  
136309_K.6	   53.58	   0.09	   1.30	   2.36	   0.08	   17.51	   24.25	   0.21	   0.02	   93.01	  
136309_K.7	   53.58	   0.09	   1.35	   2.20	   0.09	   17.51	   24.31	   0.20	   0.05	   93.45	  
136309_K.8	   53.31	   0.02	   1.71	   2.28	   0.07	   17.09	   24.46	   0.20	   0.05	   93.06	  
136309_K.9	   53.24	   0.06	   1.63	   2.13	   0.07	   17.23	   24.59	   0.21	   0.04	   93.54	  
136309_K.10	   53.29	   0.08	   1.47	   2.11	   0.10	   17.12	   24.88	   0.20	   0.03	   93.57	  
136309_N.1	   52.65	   0.02	   2.02	   2.14	   0.08	   17.81	   24.40	   0.06	   0.05	   93.73	  
136309_N.2	   52.80	   0.01	   1.97	   2.10	   0.07	   17.16	   25.02	   0.09	   0.06	   93.61	  
136309_N.3	   52.45	   0.03	   2.29	   2.23	   0.09	   17.26	   24.57	   0.11	   0.04	   93.28	  
136309_N.4	   52.80	   0.02	   2.00	   1.93	   0.09	   17.13	   25.00	   0.10	   0.05	   94.07	  
136309_N.5	   53.30	   0.06	   2.02	   2.51	   0.07	   18.46	   22.70	   0.08	   0.05	   92.94	  
136309_N.6	   53.05	   	   1.68	   1.94	   0.09	   17.52	   25.03	   0.05	   0.02	   94.18	  
136309_N.7	   52.50	   0.01	   2.30	   2.03	   0.09	   17.05	   25.03	   0.06	   0.01	   93.78	  
136309_N.8	   52.73	   	   2.25	   2.09	   0.08	   16.91	   24.94	   0.07	   0.04	   93.54	  
136309_N.9	   53.29	   0.01	   1.96	   2.11	   0.06	   17.30	   24.42	   0.07	   0.05	   93.61	  
136309_N.10	   52.53	   0.04	   2.33	   2.19	   0.09	   17.18	   24.61	   0.07	   0.03	   93.34	  
136309_S.1	   53.20	   0.05	   1.68	   1.53	   0.06	   17.19	   25.18	   0.11	   0.03	   95.25	  
136309_S.2	   53.33	   0.07	   1.64	   1.53	   0.07	   17.51	   24.83	   0.14	   0.02	   95.35	  
136309_S.4	   53.25	   0.08	   1.64	   2.10	   0.07	   17.22	   24.69	   0.13	   0.03	   93.63	  
136309_S.5	   52.78	   0.07	   1.79	   2.08	   0.07	   17.21	   24.84	   0.15	   0.06	   93.68	  
136309_S.6	   52.99	   0.06	   1.72	   1.84	   0.08	   17.40	   24.93	   0.11	   0.05	   94.42	  
136309_S.7	   53.11	   0.06	   1.64	   1.82	   0.05	   17.29	   25.05	   0.12	   0.04	   94.45	  
136309_S.8	   52.96	   0.08	   1.75	   2.14	   0.06	   17.17	   24.73	   0.14	   0.03	   93.49	  
136309_S.9	   52.77	   0.04	   1.87	   2.16	   0.09	   17.42	   24.57	   0.13	   0.02	   93.54	  
136309_S.10	   53.18	   0.03	   1.91	   2.26	   0.07	   17.53	   23.88	   0.18	   0.04	   93.28	  
Table E.4. Representative Spinel Analyses 
 
Analysis	  #	   TiO2	   Al2O3	   Cr2O3	   FeO*	   MgO	   Fe	  #	   Cr	  #	  
136309_A.2	   0.44	   14.71	   46.39	   31.38	   7.00	   32.33	   67.91	  
136309_A.3	   0.37	   14.14	   47.13	   31.44	   6.81	   32.40	   69.11	  
136309_AA.1	   0.03	   29.11	   38.87	   18.03	   13.83	   18.57	   47.26	  
136309_AA.2	   0.04	   27.06	   40.12	   19.87	   12.76	   20.44	   49.87	  
136309_AA.3	   0.01	   29.66	   38.48	   18.47	   13.23	   18.86	   46.54	  
136309_AA.4	   0.02	   29.93	   37.96	   18.69	   13.27	   19.06	   45.98	  
136309_AA.5	   0.02	   28.74	   39.36	   18.95	   12.81	   19.34	   47.89	  
136309_AA.6	   0.04	   29.51	   38.60	   17.94	   13.78	   18.43	   46.75	  
136309_AA.7	   0.03	   28.80	   38.56	   19.58	   12.88	   19.99	   47.33	  
136309_AA.8	   0.03	   26.96	   39.09	   21.64	   12.13	   22.11	   49.32	  
136309_AA.9	   0.02	   29.48	   38.68	   18.08	   13.63	   18.54	   46.83	  
136309_AA.10	   0.03	   28.45	   38.90	   19.58	   12.89	   20.03	   47.86	  
136309_B.1	   0.02	   28.42	   39.44	   18.97	   13.00	   19.44	   48.22	  
136309_B.2	   0.02	   29.38	   37.93	   19.47	   13.05	   19.86	   46.42	  
136309_B.3	   0.02	   27.13	   40.21	   19.47	   13.02	   20.07	   49.87	  
136309_B.4	   0.02	   29.70	   37.68	   19.58	   12.91	   19.90	   45.99	  
136309_B.5	   0.02	   30.34	   37.63	   18.92	   12.96	   19.19	   45.43	  
136309_B.6	   0.02	   30.74	   37.42	   18.71	   12.98	   18.95	   44.96	  
136309_B.7	   0.02	   29.65	   37.53	   19.85	   12.81	   20.16	   45.93	  
136309_B.8	   0.03	   29.11	   37.54	   20.66	   12.53	   20.98	   46.40	  
136309_B.9	   0.02	   29.46	   38.05	   19.05	   13.27	   19.47	   46.44	  
136309_B.10	   0.02	   28.84	   38.33	   19.96	   12.70	   20.34	   47.15	  
136309_D.1	   0.03	   18.90	   47.91	   21.52	   11.53	   22.73	   62.98	  
136309_D.2	   0.03	   20.17	   47.43	   20.09	   12.19	   21.23	   61.21	  
136309_D.3	   0.03	   20.82	   46.84	   20.38	   11.84	   21.40	   60.16	  
136309_D.4	   0.04	   19.88	   47.31	   20.92	   11.74	   22.04	   61.49	  
136309_D.5	   0.04	   20.47	   46.84	   20.08	   12.43	   21.26	   60.56	  
136309_D.6	   0.04	   20.38	   47.12	   20.32	   12.03	   21.43	   60.81	  
136309_D.7	   0.02	   20.47	   46.92	   20.63	   11.87	   21.70	   60.61	  
136309_D.8	   0.03	   19.93	   47.15	   21.30	   11.50	   22.37	   61.35	  
136309_D.9	   0.04	   20.22	   47.54	   19.91	   12.17	   21.04	   61.21	  
136309_D.10	   0.03	   20.65	   47.36	   19.94	   11.89	   20.97	   60.62	  
136309_F.1	   0.17	   28.50	   39.37	   18.74	   13.09	   19.24	   48.11	  
136309_F.2	   0.16	   28.83	   38.90	   18.67	   13.32	   19.17	   47.52	  
136309_F.3	   0.21	   29.17	   38.04	   19.07	   13.35	   19.57	   46.67	  
136309_F.4	   0.18	   28.62	   38.95	   18.71	   13.37	   19.25	   47.73	  
136309_F.5	   0.17	   29.46	   38.37	   18.60	   13.28	   19.03	   46.64	  
136309_F.6	   0.19	   28.99	   38.85	   18.46	   13.36	   18.96	   47.35	  
136309_F.7	   0.18	   28.32	   40.03	   18.28	   13.08	   18.78	   48.68	  
136309_F.8	   0.15	   30.09	   38.29	   17.78	   13.56	   18.20	   46.06	  
136309_F.9	   0.20	   28.29	   38.81	   19.58	   12.99	   20.10	   47.93	  
136309_F.10	   0.19	   29.77	   38.58	   17.93	   13.37	   18.36	   46.51	  
136309_G.1	   0.07	   22.45	   44.74	   21.28	   11.32	   22.06	   57.22	  
136309_G.2	   0.09	   23.10	   42.85	   22.84	   11.03	   23.51	   55.45	  
136309_G.3	   0.09	   23.10	   43.55	   22.11	   11.03	   22.77	   55.85	  
136309_G.4	   0.09	   23.99	   43.13	   21.21	   11.47	   21.85	   54.68	  
136309_G.5	   0.07	   23.41	   43.42	   21.88	   11.09	   22.52	   55.45	  
136309_G.6	   0.08	   21.66	   44.28	   24.13	   9.75	   24.68	   57.84	  
136309_G.7	   0.06	   22.81	   44.11	   21.71	   11.23	   22.42	   56.48	  
136309_G.8	   0.08	   21.05	   46.25	   21.44	   11.06	   22.32	   59.59	  
136309_G.9	   0.07	   22.55	   44.09	   22.48	   10.72	   23.13	   56.75	  
136309_G.10	   0.37	   15.72	   49.89	   23.14	   10.74	   24.71	   68.05	  
136309_J.1	   0.05	   24.07	   43.19	   19.82	   12.76	   20.68	   54.63	  
136309_J.2	   0.05	   24.00	   43.35	   19.66	   12.82	   20.54	   54.80	  
136309_J.3	   0.06	   25.21	   42.59	   19.18	   12.84	   19.92	   53.14	  
136309_J.4	   0.05	   23.94	   43.24	   20.11	   12.53	   20.95	   54.80	  
136309_J.5	   0.05	   23.82	   43.59	   19.77	   12.64	   20.63	   55.12	  
136309_J.6	   0.05	   25.00	   42.72	   18.99	   13.09	   19.80	   53.42	  
136309_J.7	   0.05	   23.48	   44.24	   19.68	   12.39	   20.53	   55.84	  
136309_J.8	   0.05	   24.52	   43.41	   18.94	   12.97	   19.77	   54.30	  
136309_J.9	   0.05	   24.63	   42.79	   19.22	   13.16	   20.10	   53.83	  
136309_J.10	   0.06	   24.15	   43.72	   19.57	   12.36	   20.34	   54.85	  
136309_K.1	   0.29	   17.09	   47.88	   24.65	   9.97	   25.90	   65.28	  
136309_K.2	   0.29	   17.97	   46.69	   24.57	   10.38	   25.80	   63.55	  
136309_K.3	   0.29	   17.01	   46.71	   26.53	   9.31	   27.68	   64.82	  
136309_K.4	   0.25	   19.51	   45.21	   24.88	   10.06	   25.83	   60.86	  
136309_K.5	   0.22	   16.01	   49.77	   24.20	   9.72	   25.47	   67.59	  
136309_K.6	   0.29	   17.58	   46.22	   26.26	   9.53	   27.38	   63.82	  
136309_K.7	   0.28	   16.78	   47.17	   26.43	   9.20	   27.58	   65.36	  
136309_K.8	   0.32	   17.27	   46.09	   26.60	   9.60	   27.81	   64.17	  
136309_K.9	   0.24	   19.15	   45.19	   25.57	   9.74	   26.50	   61.30	  
136309_K.10	   0.29	   16.32	   46.73	   27.32	   9.21	   28.57	   65.78	  
136309_N.1	   0.03	   29.62	   39.55	   16.83	   13.86	   17.29	   47.26	  
136309_N.2	   0.03	   28.09	   40.69	   18.12	   12.94	   18.58	   49.29	  
136309_N.3	   0.02	   28.36	   41.10	   17.31	   13.11	   17.76	   49.31	  
136309_N.4	   0.02	   28.01	   40.39	   17.57	   13.89	   18.20	   49.18	  
136309_N.5	   0.02	   26.74	   41.42	   18.96	   12.72	   19.52	   50.97	  
136309_N.6	   0.03	   27.97	   40.61	   17.95	   13.25	   18.49	   49.35	  
136309_N.7	   0.04	   28.33	   40.27	   18.16	   13.06	   18.63	   48.82	  
136309_N.8	   0.04	   26.51	   41.72	   19.08	   12.53	   19.63	   51.36	  
136309_N.9	   0.03	   28.89	   39.83	   17.80	   13.35	   18.25	   48.06	  
136309_N.10	   0.03	   27.28	   41.41	   18.62	   12.54	   19.09	   50.46	  
136309_S.1	   0.15	   21.39	   46.36	   20.94	   11.07	   21.78	   59.25	  
136309_S.2	   0.13	   21.79	   45.60	   21.23	   11.16	   22.04	   58.41	  
136309_S.3	   0.16	   21.76	   45.55	   21.15	   11.26	   22.00	   58.42	  
136309_S.4	   0.18	   21.08	   46.12	   21.29	   11.21	   22.21	   59.49	  
136309_S.5	   0.15	   20.97	   46.38	   21.66	   10.77	   22.49	   59.75	  
136309_S.6	   0.13	   20.85	   46.46	   21.78	   10.69	   22.61	   59.93	  
136309_S.7	   0.18	   20.80	   46.49	   21.62	   10.81	   22.49	   60.00	  
136309_S.8	   0.15	   21.82	   45.50	   21.55	   10.89	   22.31	   58.32	  
136309_S.9	   0.15	   21.60	   45.65	   21.63	   10.88	   22.42	   58.65	  
 
	  
  
Appendix F 
 
Literature Data: Whole-rock Major Element Compositions
Table F.1. Whole-rock New Britain-West Bismarck Data courtesy of R. W. Johnson.  
 
Location	   SiO2	   TiO2	   Al2O3	   FeO*	   MnO	   MgO	   CaO	   Na2O	   K2O	   P2O5	   Mg#	  
BAGUM	   52.07	   0.53	   15.96	   9.75	   0.18	   7.06	   11.97	   1.73	   0.63	   0.11	   56.51	  
BAGUM	   63.56	   0.52	   15.48	   5.79	   0.11	   3.02	   6.30	   2.92	   2.15	   0.13	   48.42	  
BAGUM	   60.36	   0.52	   17.29	   6.89	   0.13	   3.48	   6.85	   2.97	   1.37	   0.14	   47.55	  
BAGUM	   61.35	   0.60	   15.89	   6.75	   0.13	   3.29	   6.88	   3.04	   1.92	   0.15	   46.69	  
BAGUM	   62.39	   0.50	   15.24	   6.50	   0.12	   3.43	   6.61	   2.98	   2.07	   0.14	   48.65	  
BAGUM	   62.30	   0.51	   15.45	   6.47	   0.13	   3.43	   6.87	   2.93	   1.79	   0.13	   48.81	  
BAGUM	   63.32	   0.53	   15.63	   6.08	   0.11	   2.89	   6.19	   3.04	   2.08	   0.13	   46.06	  
BAMUS	   57.31	   0.76	   18.87	   7.47	   0.15	   3.38	   8.63	   2.88	   0.44	   0.12	   44.82	  
BAMUS	   58.68	   0.72	   19.63	   6.12	   0.12	   1.87	   9.41	   2.82	   0.53	   0.09	   35.44	  
BAMUS	   57.16	   0.64	   18.05	   7.59	   0.15	   4.54	   8.77	   2.57	   0.44	   0.09	   51.75	  
BAMUS	   57.38	   0.65	   20.10	   7.04	   0.14	   2.48	   8.89	   2.78	   0.45	   0.09	   38.68	  
BAMUS	   55.54	   0.63	   18.92	   8.47	   0.14	   3.99	   9.00	   2.86	   0.34	   0.09	   45.81	  
BAMUS	   57.99	   0.59	   18.32	   7.94	   0.15	   2.94	   8.91	   2.73	   0.34	   0.09	   39.90	  
BAMUS	   57.58	   0.63	   20.00	   6.97	   0.13	   2.42	   8.99	   2.73	   0.45	   0.09	   38.43	  
BAMUS	   55.70	   0.91	   18.57	   9.00	   0.15	   4.34	   9.03	   1.88	   0.37	   0.06	   46.41	  
BAMUS	   54.46	   0.41	   13.94	   8.66	   0.15	   10.20	   8.89	   2.73	   0.46	   0.09	   67.90	  
BAMUS	   56.19	   0.62	   18.06	   8.49	   0.15	   4.34	   8.88	   2.72	   0.46	   0.09	   47.82	  
BAMUS	   55.87	   0.77	   18.07	   7.85	   0.21	   4.78	   8.27	   3.76	   0.37	   0.05	   52.20	  
BAMUS	   58.72	   0.63	   18.05	   7.45	   0.17	   3.40	   8.07	   2.92	   0.47	   0.12	   45.01	  
BANGUM	   52.07	   0.53	   15.96	   9.75	   0.18	   7.06	   11.97	   1.73	   0.63	   0.11	   56.51	  
BURU	   70.00	   0.35	   15.40	   3.66	   0.11	   1.04	   4.41	   3.75	   1.12	   0.15	   33.80	  
CAPE	  HOSKINS	   54.75	   0.49	   17.85	   8.61	   0.15	   5.14	   9.97	   2.62	   0.30	   0.12	   51.71	  
CAPE	  HOSKINS	   57.52	   0.58	   18.04	   8.31	   0.15	   2.99	   8.46	   3.23	   0.56	   0.15	   39.25	  
CAPE	  HOSKINS	   57.64	   0.61	   17.68	   8.74	   0.16	   2.83	   8.46	   3.22	   0.51	   0.16	   36.72	  
CAPE	  HOSKINS	   69.62	   0.40	   14.78	   4.28	   0.12	   1.10	   4.39	   4.12	   1.03	   0.16	   31.61	  
CAPE	  HOSKINS	   66.65	   0.48	   15.08	   5.97	   0.14	   1.48	   5.18	   3.96	   0.88	   0.16	   30.75	  
CAPE	  HOSKINS	   66.62	   0.47	   15.17	   5.96	   0.14	   1.36	   5.25	   3.97	   0.90	   0.14	   29.09	  
CAPE	  HOSKINS	   76.01	   0.30	   12.98	   2.03	   0.09	   0.26	   2.33	   4.57	   1.36	   0.07	   18.84	  
CAPE	  HOSKINS	   56.21	   0.53	   17.71	   8.43	   0.15	   4.37	   8.99	   3.00	   0.48	   0.14	   48.18	  
CAPE	  HOSKINS	   54.86	   0.53	   17.62	   9.01	   0.15	   4.91	   9.63	   2.60	   0.57	   0.12	   49.46	  
CAPE	  HOSKINS	   66.08	   0.43	   16.64	   4.55	   0.13	   1.36	   5.11	   4.12	   1.37	   0.21	   34.83	  
CAPE	  HOSKINS	   55.02	   0.52	   17.27	   8.79	   0.16	   5.42	   9.41	   2.78	   0.46	   0.17	   52.56	  
CAPE	  HOSKINS	   62.05	   0.53	   17.21	   6.36	   0.14	   2.31	   6.27	   3.99	   0.89	   0.24	   39.45	  
CAPE	  HOSKINS	   58.83	   0.51	   16.98	   7.83	   0.13	   3.94	   7.88	   3.02	   0.78	   0.10	   47.46	  
CAPE	  HOSKINS	   68.58	   0.39	   15.11	   4.59	   0.13	   1.43	   4.62	   3.84	   1.17	   0.13	   35.86	  
CAPE	  HOSKINS	   71.14	   0.38	   14.72	   3.17	   0.08	   1.06	   3.71	   4.07	   1.59	   0.08	   37.51	  
CAPE	  HOSKINS	   53.18	   0.48	   17.89	   9.47	   0.18	   5.73	   10.41	   2.25	   0.24	   0.17	   52.07	  
CAPE	  HOSKINS	   67.67	   0.41	   15.52	   4.62	   0.13	   1.42	   4.88	   4.10	   1.06	   0.18	   35.59	  
CAPE	  HOSKINS	   64.89	   0.47	   16.10	   5.78	   0.13	   1.89	   5.65	   3.77	   1.13	   0.18	   36.98	  
CAPE	  HOSKINS	   63.70	   0.40	   15.50	   5.38	   0.12	   3.68	   6.77	   3.25	   1.06	   0.13	   55.11	  
CAPE	  HOSKINS	   60.05	   0.44	   16.22	   7.32	   0.14	   4.29	   7.78	   2.77	   0.86	   0.12	   51.24	  
CAPE	  HOSKINS	   68.90	   0.40	   15.37	   4.10	   0.10	   1.45	   4.09	   4.00	   1.43	   0.15	   38.73	  
CAPE	  HOSKINS	   56.49	   0.53	   17.81	   8.81	   0.12	   3.87	   8.96	   2.75	   0.52	   0.15	   44.10	  
CAPE	  HOSKINS	   58.16	   0.55	   16.63	   8.16	   0.14	   3.91	   8.46	   2.98	   0.84	   0.17	   46.22	  
CAPE	  HOSKINS	   55.67	   0.51	   17.83	   8.97	   0.17	   4.40	   9.08	   2.71	   0.50	   0.17	   46.81	  
CAPE	  HOSKINS	   68.32	   0.44	   15.14	   4.63	   0.12	   1.44	   4.91	   3.84	   1.03	   0.13	   35.89	  
CAPE	  HOSKINS	   61.69	   0.54	   15.27	   7.75	   0.13	   3.29	   6.88	   3.34	   1.02	   0.10	   43.23	  
CAPE	  HOSKINS	   66.28	   0.48	   14.32	   5.17	   0.12	   1.55	   7.31	   3.70	   0.93	   0.14	   34.98	  
CAPE	  HOSKINS	   70.00	   0.35	   15.40	   3.66	   0.11	   1.04	   4.41	   3.75	   1.12	   0.15	   33.80	  
CAPE	  HOSKINS	   62.94	   0.59	   15.58	   7.60	   0.15	   2.38	   6.22	   3.54	   0.85	   0.14	   35.96	  
CAPE	  REILNITZ	   56.48	   0.57	   15.95	   9.85	   0.16	   4.93	   9.24	   2.23	   0.53	   0.06	   47.32	  
CAPE	  REILNITZ	   72.76	   0.47	   14.57	   2.96	   0.08	   0.51	   2.80	   3.97	   1.75	   0.12	   23.63	  
CAPE	  REILNITZ	   57.42	   0.48	   16.77	   7.94	   0.15	   5.44	   8.64	   2.44	   0.63	   0.10	   55.14	  
DAKATAUA	   53.99	   0.72	   15.95	   9.08	   0.18	   6.11	   10.90	   2.42	   0.51	   0.14	   54.70	  
DAKATAUA	   67.73	   0.69	   14.51	   4.89	   0.13	   1.32	   3.78	   4.54	   2.17	   0.24	   32.65	  
DAKATAUA	   59.21	   0.87	   15.71	   8.67	   0.18	   3.17	   6.95	   3.73	   1.27	   0.25	   39.63	  
DAKATAUA	   67.40	   0.74	   14.75	   4.98	   0.14	   1.48	   3.79	   4.45	   2.02	   0.25	   34.70	  
DAKATAUA	   53.99	   0.72	   15.95	   9.08	   0.18	   6.11	   10.90	   2.42	   0.51	   0.14	   54.70	  
DUFAURE	   63.91	   0.51	   18.07	   4.78	   0.08	   1.85	   6.02	   3.52	   1.12	   0.13	   40.97	  
DUFAURE	   64.68	   0.38	   16.63	   5.25	   0.10	   2.45	   6.12	   3.11	   1.17	   0.10	   45.54	  
DUFAURE	   64.54	   0.39	   16.75	   4.66	   0.10	   2.88	   6.06	   3.24	   1.27	   0.10	   52.59	  
DUFAURE	   59.90	   0.46	   20.20	   4.70	   0.12	   3.15	   7.31	   3.25	   0.81	   0.10	   54.58	  
DUFAURE	   58.35	   0.58	   18.26	   7.66	   0.14	   3.83	   7.60	   2.81	   0.67	   0.10	   47.26	  
DUFAURE	   59.14	   0.54	   16.01	   6.16	   0.12	   4.89	   8.92	   2.91	   1.13	   0.18	   58.78	  
DUFAURE	   59.17	   0.47	   16.14	   7.14	   0.13	   4.77	   8.27	   2.89	   0.89	   0.13	   54.54	  
DUFAURE	   58.80	   0.47	   15.72	   7.43	   0.14	   5.36	   8.57	   2.55	   0.86	   0.09	   56.41	  
GARBUNA	   62.29	   0.51	   15.88	   6.46	   0.13	   3.34	   6.62	   2.78	   1.87	   0.13	   48.14	  
GARBUNA	   57.86	   0.61	   16.70	   8.46	   0.18	   3.79	   7.86	   2.99	   1.41	   0.13	   44.57	  
GARBUNA	   69.58	   0.41	   14.29	   3.76	   0.09	   1.64	   3.80	   3.62	   2.72	   0.10	   43.93	  
GARUA	   58.23	   0.51	   13.46	   7.14	   0.14	   7.50	   9.23	   2.40	   1.28	   0.11	   65.33	  
HARGY	  VOLCANO	   73.15	   0.37	   13.10	   4.40	   0.18	   0.42	   3.10	   3.90	   1.31	   0.08	   14.60	  
HARGY	  VOLCANO	   68.86	   0.52	   15.05	   4.82	   0.12	   1.30	   4.38	   3.90	   0.91	   0.12	   32.67	  
HARGY	  VOLCANO	   73.32	   0.37	   13.10	   4.36	   0.12	   0.43	   3.14	   3.79	   1.30	   0.08	   15.09	  
HARGY	  VOLCANO	   72.28	   0.39	   13.51	   4.71	   0.11	   0.54	   3.30	   3.86	   1.22	   0.08	   17.11	  
HARGY	  VOLCANO	   59.44	   0.63	   15.56	   9.53	   0.15	   3.24	   7.92	   2.83	   0.62	   0.09	   37.90	  
HARGY	  VOLCANO	   58.49	   0.52	   17.67	   7.80	   0.11	   2.89	   8.90	   2.86	   0.68	   0.09	   39.90	  
HARGY	  VOLCANO	   54.07	   0.37	   20.52	   7.51	   0.11	   3.85	   11.36	   1.82	   0.35	   0.04	   47.89	  
HARGY	  VOLCANO	   59.62	   0.60	   15.37	   9.49	   0.14	   3.14	   8.28	   2.61	   0.68	   0.08	   37.25	  
HARGY	  VOLCANO	   60.08	   0.64	   15.60	   9.51	   0.15	   3.01	   7.63	   2.66	   0.63	   0.09	   36.21	  
HARGY	  VOLCANO	   65.32	   0.66	   14.08	   7.90	   0.12	   1.77	   5.79	   3.26	   1.00	   0.11	   28.74	  
HARGY	  VOLCANO	   63.87	   0.61	   14.99	   7.73	   0.11	   1.84	   6.56	   3.21	   0.97	   0.11	   29.87	  
HARGY	  VOLCANO	   62.40	   0.54	   15.49	   8.25	   0.12	   2.36	   6.80	   3.18	   0.77	   0.08	   33.89	  
HARGY	  VOLCANO	   55.93	   0.39	   17.48	   8.76	   0.15	   5.00	   9.68	   2.20	   0.34	   0.05	   50.61	  
HARGY	  VOLCANO	   64.81	   0.63	   14.23	   8.11	   0.14	   1.82	   5.90	   3.35	   0.91	   0.10	   28.78	  
HARGY	  VOLCANO	   70.49	   0.49	   14.68	   4.20	   0.13	   0.98	   3.88	   4.03	   0.99	   0.14	   29.46	  
HARGY	  VOLCANO	   62.57	   0.65	   15.45	   8.95	   0.12	   2.35	   6.48	   2.56	   0.76	   0.09	   32.04	  
HARGY	  VOLCANO	   55.61	   0.41	   15.15	   8.69	   0.14	   7.39	   10.11	   1.97	   0.46	   0.06	   60.41	  
HARGY	  VOLCANO	   59.35	   0.38	   16.69	   8.69	   0.12	   3.24	   8.65	   2.37	   0.44	   0.06	   40.09	  
HARGY	  VOLCANO	   59.49	   0.38	   16.29	   8.40	   0.12	   3.29	   8.97	   2.45	   0.55	   0.06	   41.30	  
HARGY	  VOLCANO	   58.84	   0.56	   17.60	   6.90	   0.10	   3.45	   9.00	   2.48	   0.96	   0.12	   47.29	  
HARGY	  VOLCANO	   68.24	   0.42	   15.68	   4.78	   0.11	   1.34	   4.67	   3.66	   0.93	   0.15	   33.51	  
HARGY	  VOLCANO	   73.39	   0.37	   13.06	   4.36	   0.11	   0.42	   3.10	   3.84	   1.26	   0.08	   14.66	  
HARGY	  VOLCANO	   73.01	   0.36	   13.12	   4.47	   0.11	   0.47	   3.18	   3.93	   1.27	   0.08	   15.81	  
HARGY	  VOLCANO	   60.01	   0.65	   15.69	   9.57	   0.15	   3.00	   7.55	   2.68	   0.61	   0.09	   35.95	  
KAPBERG	   56.21	   0.53	   17.71	   8.43	   0.15	   4.37	   8.99	   3.00	   0.48	   0.14	   48.18	  
KIMBE	  	   49.67	   0.52	   15.45	   9.08	   0.18	   10.20	   13.12	   1.52	   0.19	   0.06	   66.85	  
KIMBE	  	   53.30	   0.77	   18.85	   9.11	   0.15	   4.56	   9.98	   2.79	   0.41	   0.09	   47.32	  
KIMBE	  	   67.21	   0.52	   15.35	   4.87	   0.11	   1.82	   4.83	   4.12	   1.05	   0.12	   40.14	  
KIMBE	  	   49.67	   0.52	   15.45	   9.08	   0.18	   10.20	   13.12	   1.52	   0.19	   0.06	   66.85	  
KIMBE	  	   51.90	   0.68	   18.79	   9.06	   0.16	   5.84	   10.77	   2.29	   0.44	   0.07	   53.64	  
KIMBE	  	   51.57	   0.70	   18.67	   9.43	   0.16	   6.01	   10.60	   2.37	   0.42	   0.07	   53.34	  
KO	   58.16	   0.55	   16.63	   8.16	   0.14	   3.91	   8.46	   2.98	   0.84	   0.17	   46.22	  
KO	   56.49	   0.53	   17.81	   8.81	   0.12	   3.87	   8.96	   2.75	   0.52	   0.15	   44.10	  
KRUMMEL	   55.62	   0.44	   17.86	   9.00	   0.16	   4.97	   9.34	   2.13	   0.42	   0.07	   49.81	  
KRUMMEL	   55.39	   0.37	   18.29	   8.37	   0.15	   5.03	   9.71	   2.19	   0.43	   0.08	   51.91	  
KRUMMEL	   54.32	   0.38	   17.20	   8.55	   0.15	   6.73	   10.52	   1.85	   0.23	   0.07	   58.55	  
KRUMMEL	   55.07	   0.45	   18.69	   8.25	   0.15	   4.90	   9.65	   2.32	   0.41	   0.09	   51.61	  
KRUMMEL	   56.02	   0.45	   18.57	   8.06	   0.15	   4.67	   9.59	   2.08	   0.35	   0.07	   50.97	  
LAKE	  HARGY	   65.78	   0.68	   14.02	   7.74	   0.12	   1.69	   5.35	   3.38	   1.12	   0.12	   28.22	  
LAKE	  HARGY	   65.61	   0.67	   14.41	   7.76	   0.14	   1.70	   5.74	   3.17	   0.68	   0.12	   28.26	  
LAKE	  HARGY	   56.31	   0.61	   17.66	   9.10	   0.14	   3.60	   9.28	   2.60	   0.60	   0.10	   41.53	  
LAKE	  HARGY	   65.24	   0.67	   14.09	   7.75	   0.13	   1.77	   5.74	   3.32	   1.17	   0.11	   29.09	  
LAKE	  HARGY	   58.18	   0.40	   19.34	   6.76	   0.11	   2.52	   9.38	   2.62	   0.60	   0.08	   40.06	  
LAKE	  HARGY	   57.39	   0.52	   16.57	   8.44	   0.16	   4.75	   9.45	   2.12	   0.54	   0.07	   50.25	  
LAKE	  HARGY	   60.92	   0.56	   16.74	   7.93	   0.14	   2.32	   7.97	   2.57	   0.78	   0.06	   34.43	  
LAKE	  HARGY	   58.43	   0.47	   17.39	   8.06	   0.16	   3.44	   8.74	   2.68	   0.58	   0.06	   43.36	  
LAKE	  HARGY	   58.53	   0.43	   18.93	   6.53	   0.12	   2.85	   9.11	   2.75	   0.68	   0.06	   43.90	  
LAKE	  HARGY	   56.57	   0.35	   17.51	   8.50	   0.16	   5.16	   9.11	   2.18	   0.40	   0.05	   52.14	  
LAKE	  HARGY	   56.02	   0.39	   15.21	   8.74	   0.17	   7.51	   9.77	   1.90	   0.22	   0.05	   60.66	  
LAKE	  HARGY	   59.11	   0.50	   18.55	   7.17	   0.11	   2.23	   8.87	   2.69	   0.71	   0.06	   35.83	  
LAKE	  HARGY	   59.41	   0.51	   18.32	   6.96	   0.11	   2.18	   9.11	   2.68	   0.65	   0.07	   35.93	  
LAKE	  HARGY	   60.13	   0.54	   16.37	   8.15	   0.12	   2.78	   8.49	   2.53	   0.82	   0.08	   37.98	  
LIKURUANGA	   56.03	   0.51	   18.14	   8.12	   0.15	   4.31	   9.42	   2.79	   0.47	   0.07	   48.78	  
LIKURUANGA	   54.64	   0.68	   18.99	   8.47	   0.15	   3.91	   10.26	   2.39	   0.45	   0.07	   45.31	  
LIKURUANGA	   54.94	   0.68	   18.86	   8.52	   0.15	   3.98	   9.89	   2.55	   0.37	   0.07	   45.60	  
LIKURUANGA	   66.09	   0.49	   16.04	   5.35	   0.13	   1.99	   5.31	   3.58	   0.95	   0.07	   40.09	  
LIKURUANGA	   57.64	   0.62	   16.92	   9.03	   0.18	   4.44	   7.57	   2.98	   0.57	   0.06	   46.89	  
LIKURUANGA	   53.70	   0.51	   17.09	   8.99	   0.18	   6.37	   10.72	   2.12	   0.27	   0.05	   55.98	  
LIKURUANGA	   51.75	   0.49	   15.87	   8.54	   0.17	   10.06	   11.32	   1.55	   0.21	   0.04	   67.88	  
LIKURUANGA	   64.12	   0.48	   17.17	   4.81	   0.14	   2.59	   6.15	   3.81	   0.64	   0.08	   49.17	  
LIKURUANGA	   55.44	   0.62	   17.57	   8.49	   0.17	   5.13	   9.70	   2.59	   0.24	   0.06	   52.02	  
LIKURUANGA	   64.82	   0.46	   16.83	   4.91	   0.13	   2.42	   5.85	   3.78	   0.72	   0.08	   46.93	  
LIKURUANGA	   59.60	   0.58	   15.78	   8.00	   0.14	   4.10	   8.15	   2.83	   0.72	   0.10	   47.89	  
LIKURUANGA	   55.09	   0.49	   18.60	   8.41	   0.15	   5.00	   9.50	   2.43	   0.27	   0.06	   51.64	  
LIKURUANGA	   55.39	   0.45	   18.46	   8.51	   0.15	   4.31	   9.79	   2.54	   0.34	   0.06	   47.65	  
LIKURUANGA	   54.80	   0.70	   17.02	   9.18	   0.18	   5.72	   9.67	   2.48	   0.19	   0.06	   52.81	  
LOLOBAU	  	   62.05	   0.53	   17.21	   6.36	   0.14	   2.31	   6.27	   3.99	   0.89	   0.24	   39.45	  
LOLOBAU	  	   55.02	   0.52	   17.27	   8.79	   0.16	   5.42	   9.41	   2.78	   0.46	   0.17	   52.56	  
LOLOBAU	  	   54.75	   0.49	   17.85	   8.61	   0.15	   5.14	   9.97	   2.62	   0.30	   0.12	   51.71	  
LOLOBAU	  	   57.52	   0.58	   18.04	   8.31	   0.15	   2.99	   8.46	   3.23	   0.56	   0.15	   39.25	  
LOLOBAU	  	   55.24	   0.58	   16.97	   8.97	   0.17	   5.25	   9.90	   2.42	   0.40	   0.09	   51.24	  
LOLOBAU	  	   70.27	   0.72	   14.26	   4.60	   0.13	   0.98	   3.18	   4.00	   1.64	   0.21	   27.73	  
LOLOBAU	  	   66.61	   0.68	   15.67	   5.32	   0.14	   1.55	   4.60	   4.19	   1.06	   0.18	   34.30	  
LOLOBAU	  	   53.89	   0.59	   17.23	   9.15	   0.17	   5.79	   10.68	   2.07	   0.37	   0.06	   53.19	  
LOLOBAU	  	   54.92	   0.61	   19.18	   8.31	   0.16	   3.74	   9.89	   2.68	   0.41	   0.10	   44.65	  
LOLOBAU	  	   56.61	   0.69	   18.43	   7.92	   0.15	   3.24	   9.37	   2.94	   0.57	   0.09	   42.34	  
LOLOBAU	  	   51.79	   0.59	   17.91	   10.86	   0.20	   5.60	   10.99	   1.82	   0.19	   0.05	   48.05	  
LOLOBAU	  	   61.84	   0.86	   14.97	   8.60	   0.17	   2.58	   6.45	   3.51	   0.87	   0.15	   35.01	  
LOLOBAU	  	   61.33	   0.85	   15.26	   8.72	   0.16	   2.68	   6.77	   3.23	   0.84	   0.16	   35.53	  
LOLOBAU	  	   64.58	   0.81	   14.65	   7.25	   0.15	   1.97	   5.76	   3.64	   1.00	   0.18	   32.77	  
LOLOBAU	  	   69.59	   0.74	   13.78	   5.12	   0.14	   1.11	   3.82	   4.17	   1.29	   0.24	   27.94	  
LOLOBAU	  	   63.17	   0.92	   14.73	   7.55	   0.16	   2.23	   5.94	   4.06	   0.99	   0.24	   34.70	  
LOLOBAU	  	   69.45	   0.41	   15.95	   3.29	   0.11	   1.15	   4.39	   4.09	   1.06	   0.09	   38.56	  
LOLOBAU	  	   54.22	   0.62	   16.08	   8.80	   0.17	   6.78	   10.72	   2.12	   0.39	   0.09	   58.02	  
LOLOBAU	  	   69.64	   0.69	   14.35	   4.48	   0.15	   1.13	   3.76	   4.37	   1.20	   0.22	   31.26	  
LOLOBAU	  	   69.55	   0.73	   14.04	   4.61	   0.15	   1.14	   3.82	   4.33	   1.40	   0.23	   30.69	  
LOLOBAU	  	   65.30	   0.89	   14.48	   6.52	   0.14	   1.76	   5.24	   4.03	   1.17	   0.47	   32.61	  
LOLOBAU	  	   67.97	   0.82	   14.03	   5.50	   0.13	   1.35	   4.34	   4.18	   1.32	   0.35	   30.54	  
LOLOBAU	  	   58.91	   0.87	   15.51	   9.44	   0.15	   3.31	   7.89	   3.04	   0.74	   0.14	   38.61	  
LOLOBAU	  	   55.53	   0.64	   16.75	   8.86	   0.15	   5.00	   9.88	   2.57	   0.50	   0.11	   50.29	  
LOLOBAU	  	   54.27	   0.57	   17.98	   8.74	   0.14	   4.85	   10.63	   2.35	   0.38	   0.10	   49.87	  
LOLOBAU	  	   61.72	   0.89	   15.04	   8.66	   0.14	   2.47	   6.36	   3.59	   0.94	   0.17	   33.85	  
LOLOBAU	  	   69.41	   0.74	   14.20	   4.65	   0.13	   1.09	   3.85	   4.26	   1.41	   0.24	   29.63	  
LOLOBAU	  	   70.07	   0.74	   14.14	   4.75	   0.12	   0.94	   3.44	   4.08	   1.48	   0.24	   26.28	  
LOLOBAU	  	   62.38	   0.80	   18.08	   6.80	   0.15	   1.85	   5.37	   3.52	   0.90	   0.16	   32.74	  
LOLOBAU	  	   64.75	   0.77	   16.39	   6.21	   0.14	   1.70	   4.95	   3.88	   1.02	   0.19	   32.91	  
LOLOBAU	  	   65.10	   0.75	   15.78	   6.07	   0.14	   1.81	   5.12	   4.05	   1.02	   0.17	   34.84	  
LOLOBAU	  	   62.86	   0.87	   14.69	   8.04	   0.14	   2.42	   6.26	   3.49	   1.05	   0.18	   35.02	  
LOLOBAU	  	   64.30	   0.92	   14.59	   7.07	   0.14	   1.96	   5.59	   3.85	   1.11	   0.47	   33.23	  
LOLOBAU	  	   68.33	   0.81	   14.02	   5.35	   0.13	   1.30	   4.25	   4.14	   1.35	   0.33	   30.36	  
LOLOBAU	  	   61.71	   0.90	   15.70	   8.69	   0.15	   2.48	   6.19	   3.06	   0.96	   0.17	   33.81	  
LOLOBAU	  	   64.70	   0.91	   14.55	   6.88	   0.14	   1.89	   5.48	   3.84	   1.12	   0.49	   33.06	  
LOLOBAU	  	   64.75	   0.89	   14.51	   6.86	   0.15	   1.85	   5.43	   3.95	   1.14	   0.46	   32.59	  
LOLOBAU	  	   65.00	   0.70	   15.99	   6.04	   0.13	   1.80	   5.50	   3.68	   0.99	   0.17	   34.80	  
LOLOBAU	  	   64.69	   0.70	   15.96	   6.19	   0.13	   1.89	   5.53	   3.71	   1.00	   0.18	   35.41	  
LOLOBAU	  	   69.79	   0.77	   14.27	   4.82	   0.13	   0.96	   3.46	   4.14	   1.44	   0.23	   26.25	  
LOLOBAU	  	   58.09	   0.64	   16.55	   8.13	   0.14	   4.07	   8.80	   2.84	   0.63	   0.12	   47.32	  
LOLOBAU	  	   69.61	   0.75	   13.56	   5.24	   0.12	   1.09	   3.83	   4.08	   1.48	   0.25	   27.11	  
LOLOBAU	  	   69.91	   0.76	   13.93	   4.59	   0.13	   1.09	   3.71	   4.27	   1.38	   0.22	   29.87	  
MATALELOCH	   54.86	   0.53	   17.62	   9.01	   0.15	   4.91	   9.63	   2.60	   0.57	   0.12	   49.46	  
MOUNT	  MALALA	   58.70	   0.95	   15.75	   8.81	   0.19	   3.15	   7.11	   3.73	   1.36	   0.25	   39.07	  
MULULUS	   60.05	   0.44	   16.22	   7.32	   0.14	   4.29	   7.78	   2.77	   0.86	   0.12	   51.24	  
MULULUS	   63.70	   0.40	   15.50	   5.38	   0.12	   3.68	   6.77	   3.25	   1.06	   0.13	   55.11	  
MULULUS	   68.90	   0.40	   15.37	   4.10	   0.10	   1.45	   4.09	   4.00	   1.43	   0.15	   38.73	  
MULULUS	   66.08	   0.43	   16.64	   4.55	   0.13	   1.36	   5.11	   4.12	   1.37	   0.21	   34.83	  
MULULUS	   58.83	   0.51	   16.98	   7.83	   0.13	   3.94	   7.88	   3.02	   0.78	   0.10	   47.46	  
NARAGE	  	   48.37	   0.97	   18.74	   9.55	   0.19	   5.91	   12.83	   2.34	   0.73	   0.38	   52.60	  
OTO	   53.18	   0.48	   17.89	   9.47	   0.18	   5.73	   10.41	   2.25	   0.24	   0.17	   52.07	  
OTO	   64.89	   0.47	   16.10	   5.78	   0.13	   1.89	   5.65	   3.77	   1.13	   0.18	   36.98	  
OTO	   71.14	   0.38	   14.72	   3.17	   0.08	   1.06	   3.71	   4.07	   1.59	   0.08	   37.51	  
OTO	   55.67	   0.51	   17.83	   8.97	   0.17	   4.40	   9.08	   2.71	   0.50	   0.17	   46.81	  
OTO	   67.67	   0.41	   15.52	   4.62	   0.13	   1.42	   4.88	   4.10	   1.06	   0.18	   35.59	  
PAGO	   66.62	   0.47	   15.17	   5.96	   0.14	   1.36	   5.25	   3.97	   0.90	   0.14	   29.09	  
PAGO	   66.65	   0.48	   15.08	   5.97	   0.14	   1.48	   5.18	   3.96	   0.88	   0.16	   30.75	  
PAGO	   66.28	   0.48	   14.32	   5.17	   0.12	   1.55	   7.31	   3.70	   0.93	   0.14	   34.98	  
PAGO	   66.73	   0.49	   14.84	   5.97	   0.15	   1.59	   5.38	   3.80	   0.89	   0.15	   32.36	  
RABAUL	   65.37	   0.87	   15.58	   4.85	   0.16	   1.53	   3.74	   4.75	   2.82	   0.32	   36.08	  
RABAUL	   64.96	   0.92	   15.62	   5.04	   0.18	   1.52	   3.73	   4.92	   2.83	   0.27	   35.10	  
RABAUL	   76.91	   0.33	   13.68	   	   0.08	   0.49	   2.06	   4.66	   1.74	   0.05	   	  
RABAUL	   76.62	   0.34	   12.77	   1.80	   0.08	   0.43	   1.68	   4.19	   2.06	   0.04	   30.33	  
RABAUL	   59.07	   1.17	   16.15	   8.00	   0.21	   3.00	   6.55	   3.37	   2.12	   0.36	   40.18	  
RIDGE	  EAST	  OF	  
KRUMMEL	  
54.54	   0.51	   17.08	   9.29	   0.22	   6.38	   9.57	   1.86	   0.44	   0.10	   55.20	  
RIDGE	  EAST	  OF	  
KRUMMEL	  
54.25	   0.63	   17.34	   8.87	   0.15	   5.53	   10.55	   2.13	   0.45	   0.11	   52.81	  
SULU	  RANGE	   53.71	   0.30	   14.87	   8.72	   0.16	   9.31	   11.02	   1.60	   0.28	   0.03	   65.70	  
SULU	  RANGE	   56.20	   0.64	   18.73	   9.02	   0.17	   2.82	   9.47	   2.52	   0.35	   0.06	   35.93	  
SULU	  RANGE	   53.83	   0.33	   15.89	   8.45	   0.17	   8.45	   10.83	   1.81	   0.20	   0.04	   64.22	  
SULU	  RANGE	   54.81	   0.43	   19.03	   7.46	   0.15	   5.81	   9.52	   2.42	   0.31	   0.06	   58.29	  
SULU	  RANGE	   53.03	   0.29	   14.84	   8.43	   0.15	   9.75	   11.52	   1.74	   0.22	   0.04	   67.51	  
SULU	  RANGE	   55.55	   0.38	   15.86	   8.28	   0.16	   7.12	   10.10	   2.12	   0.36	   0.06	   60.67	  
SULU	  RANGE	   55.56	   0.43	   17.34	   8.55	   0.16	   5.19	   9.93	   2.32	   0.46	   0.05	   52.15	  
SULU	  RANGE	   57.58	   0.46	   16.73	   7.87	   0.15	   5.02	   9.07	   2.48	   0.60	   0.05	   53.37	  
SULU	  RANGE	   74.08	   0.32	   13.71	   2.32	   0.07	   0.83	   2.81	   4.14	   1.68	   0.03	   39.04	  
SULU	  RANGE	   55.31	   0.62	   19.08	   9.01	   0.16	   3.03	   9.79	   2.67	   0.28	   0.05	   37.64	  
SULU	  RANGE	   53.67	   0.37	   16.83	   7.34	   0.14	   7.81	   11.23	   2.20	   0.35	   0.06	   65.65	  
SULU	  RANGE	   53.83	   0.33	   15.89	   8.45	   0.17	   8.45	   10.83	   1.81	   0.20	   0.04	   64.22	  
SULU	  RANGE	   53.71	   0.30	   14.87	   8.72	   0.16	   9.31	   11.02	   1.60	   0.28	   0.03	   65.70	  
SULU	  RANGE	   55.31	   0.62	   19.08	   9.01	   0.16	   3.03	   9.79	   2.67	   0.28	   0.05	   37.64	  
SULU	  RANGE	   56.20	   0.64	   18.73	   9.02	   0.17	   2.82	   9.47	   2.52	   0.35	   0.06	   35.93	  
SULU	  RANGE	   74.08	   0.32	   13.71	   2.32	   0.07	   0.83	   2.81	   4.14	   1.68	   0.03	   39.04	  
SULU	  RANGE	   72.91	   0.32	   14.13	   2.65	   0.08	   0.88	   3.28	   4.04	   1.68	   0.03	   37.34	  
SULU	  RANGE	   57.58	   0.46	   16.73	   7.87	   0.15	   5.02	   9.07	   2.48	   0.60	   0.05	   53.37	  
SULU	  RANGE	   55.56	   0.43	   17.34	   8.55	   0.16	   5.19	   9.93	   2.32	   0.46	   0.05	   52.15	  
SULU	  RANGE	   55.55	   0.38	   15.86	   8.28	   0.16	   7.12	   10.10	   2.12	   0.36	   0.06	   60.67	  
TALASEA	  PENINSULA	   54.37	   1.02	   15.57	   11.35	   0.20	   4.40	   8.92	   3.02	   0.93	   0.21	   41.04	  
TALASEA	  PENINSULA	   72.95	   0.33	   12.75	   3.99	   0.05	   0.59	   2.09	   3.49	   3.74	   0.02	   20.86	  
TALASEA	  PENINSULA	   51.89	   0.80	   16.01	   9.56	   0.17	   6.77	   11.81	   2.42	   0.44	   0.11	   55.95	  
TALASEA	  PENINSULA	   52.92	   0.74	   15.05	   9.32	   0.18	   7.49	   10.94	   2.38	   0.81	   0.17	   59.06	  
TALASEA	  PENINSULA	   66.72	   0.71	   14.71	   5.27	   0.14	   1.49	   4.06	   4.53	   2.15	   0.21	   33.64	  
TALASEA	  PENINSULA	   58.23	   0.51	   13.46	   7.14	   0.14	   7.50	   9.23	   2.40	   1.28	   0.11	   65.33	  
TALASEA	  PENINSULA	   76.22	   0.27	   12.90	   1.15	   0.07	   0.26	   1.23	   3.98	   3.88	   0.03	   29.04	  
TALASEA	  PENINSULA	   58.87	   0.89	   15.45	   8.75	   0.18	   3.23	   7.05	   3.86	   1.47	   0.25	   39.88	  
TALASEA	  PENINSULA	   51.86	   0.76	   17.02	   9.54	   0.14	   6.48	   10.98	   2.27	   0.71	   0.24	   54.94	  
TALASEA	  PENINSULA	   72.95	   0.33	   12.75	   3.99	   0.05	   0.59	   2.09	   3.49	   3.74	   0.02	   20.86	  
TALASEA	  PENINSULA	   52.92	   0.74	   15.05	   9.32	   0.18	   7.49	   10.94	   2.38	   0.81	   0.17	   59.06	  
TALASEA	  PENINSULA	   66.72	   0.71	   14.71	   5.27	   0.14	   1.49	   4.06	   4.53	   2.15	   0.21	   33.64	  
TALASEA	  PENINSULA	   63.69	   0.74	   15.22	   6.42	   0.14	   2.23	   5.36	   4.09	   1.90	   0.21	   38.40	  
TALASEA	  PENINSULA	   51.89	   0.80	   16.01	   9.56	   0.17	   6.77	   11.81	   2.42	   0.44	   0.11	   55.95	  
TALASEA	  PENINSULA	   67.53	   0.53	   14.63	   5.02	   0.14	   1.30	   3.79	   4.69	   2.24	   0.11	   31.73	  
TALASEA	  PENINSULA	   54.37	   1.02	   15.57	   11.35	   0.20	   4.40	   8.92	   3.02	   0.93	   0.21	   41.04	  
TALASEA	  PENINSULA	   59.63	   0.63	   17.07	   7.03	   0.16	   2.95	   6.95	   3.72	   1.65	   0.20	   42.99	  
TALASEA	  PENINSULA	   75.40	   0.27	   12.59	   2.30	   0.07	   0.24	   1.25	   4.02	   3.82	   0.02	   15.77	  
UASILAU-­‐YAU	  YAU	   58.25	   0.83	   17.70	   7.85	   0.16	   3.47	   8.04	   2.90	   0.67	   0.11	   44.24	  
UASILAU-­‐YAU	  YAU	   46.52	   0.61	   23.18	   7.84	   0.15	   5.24	   15.18	   1.17	   0.08	   0.03	   54.52	  
UASILAU-­‐YAU	  YAU	   52.39	   0.73	   19.66	   8.84	   0.21	   4.81	   10.16	   2.34	   0.64	   0.21	   49.41	  
UASILAU-­‐YAU	  YAU	   56.51	   0.94	   17.71	   8.52	   0.20	   3.78	   8.77	   2.80	   0.66	   0.12	   44.37	  
UASILAU-­‐YAU	  YAU	   65.31	   0.67	   15.54	   5.59	   0.13	   2.12	   5.50	   3.55	   1.48	   0.11	   40.41	  
UASILAU-­‐YAU	  YAU	   47.24	   0.32	   13.01	   12.73	   0.25	   17.39	   7.69	   1.12	   0.19	   0.05	   71.04	  
UASILAU-­‐YAU	  YAU	   62.38	   0.69	   16.38	   6.29	   0.14	   2.75	   6.54	   3.24	   1.45	   0.12	   43.94	  
ULAWUN	   52.83	   0.77	   18.84	   9.04	   0.17	   4.74	   10.70	   2.50	   0.32	   0.08	   48.46	  
ULAWUN	   52.82	   0.96	   18.02	   9.84	   0.14	   4.98	   10.49	   2.29	   0.37	   0.08	   47.62	  
ULAWUN	   51.48	   0.79	   18.95	   9.94	   0.16	   4.92	   11.13	   2.24	   0.32	   0.07	   47.02	  
ULAWUN	   52.61	   0.96	   18.31	   9.71	   0.14	   4.94	   10.45	   2.40	   0.40	   0.08	   47.70	  
ULAWUN	   52.06	   0.95	   17.42	   10.01	   0.19	   5.72	   10.86	   2.35	   0.33	   0.09	   50.65	  
ULAWUN	   52.83	   0.77	   18.84	   9.04	   0.17	   4.74	   10.70	   2.50	   0.32	   0.08	   48.46	  
ULAWUN	   52.77	   0.76	   18.90	   8.93	   0.16	   4.81	   10.72	   2.49	   0.35	   0.10	   49.19	  
ULAWUN	   52.36	   0.79	   16.51	   10.18	   0.19	   6.62	   10.75	   2.18	   0.34	   0.08	   53.85	  
ULAWUN	   52.48	   0.75	   19.16	   8.88	   0.17	   4.90	   10.76	   2.48	   0.32	   0.09	   49.76	  
ULAWUN	   52.17	   0.75	   16.80	   10.10	   0.19	   6.53	   10.85	   2.19	   0.32	   0.09	   53.72	  
ULAWUN	   52.46	   0.73	   17.76	   10.00	   0.20	   5.55	   10.46	   2.45	   0.32	   0.07	   49.93	  
ULAWUN	   55.79	   0.52	   17.95	   7.76	   0.14	   4.78	   10.06	   2.54	   0.39	   0.06	   52.48	  
ULAWUN	   54.07	   0.87	   16.86	   10.10	   0.19	   4.95	   9.89	   2.52	   0.44	   0.10	   46.81	  
ULAWUN	   51.95	   0.74	   18.11	   9.54	   0.17	   5.87	   11.01	   2.20	   0.32	   0.09	   52.47	  
ULAWUN	   54.99	   0.48	   17.06	   9.20	   0.18	   5.47	   9.83	   2.39	   0.34	   0.05	   51.65	  
ULAWUN	   52.81	   0.78	   17.93	   9.61	   0.18	   5.21	   10.69	   2.37	   0.36	   0.08	   49.30	  
ULAWUN	   51.96	   0.77	   17.17	   10.15	   0.20	   6.33	   10.80	   2.21	   0.33	   0.08	   52.82	  
ULAWUN	   52.26	   0.72	   20.48	   8.22	   0.15	   3.89	   11.23	   2.57	   0.37	   0.10	   45.95	  
ULAWUN	   52.72	   0.94	   17.58	   9.83	   0.18	   5.32	   10.54	   2.41	   0.38	   0.10	   49.28	  
ULAWUN	   51.73	   0.94	   17.55	   10.06	   0.19	   5.78	   11.07	   2.28	   0.32	   0.09	   50.74	  
ULAWUN	   52.71	   0.90	   18.51	   9.49	   0.17	   4.63	   10.66	   2.46	   0.38	   0.09	   46.68	  
ULAWUN	   52.54	   0.94	   18.69	   9.46	   0.17	   4.62	   10.65	   2.46	   0.38	   0.09	   46.73	  
ULAWUN	   52.85	   0.85	   18.65	   9.39	   0.16	   4.56	   10.63	   2.41	   0.40	   0.10	   46.59	  
ULAWUN	   52.79	   0.90	   18.40	   9.53	   0.17	   4.52	   10.76	   2.41	   0.40	   0.10	   46.00	  
ULAWUN	   51.74	   1.09	   17.02	   12.29	   0.10	   4.58	   9.95	   2.69	   0.45	   0.10	   40.06	  
ULAWUN	   52.23	   0.89	   17.21	   10.29	   0.20	   5.60	   10.98	   2.18	   0.32	   0.10	   49.43	  
WAGO	   58.17	   0.66	   16.58	   8.43	   0.13	   3.97	   8.29	   2.69	   0.92	   0.16	   45.78	  
WAGO	   54.61	   0.67	   17.25	   8.73	   0.15	   5.82	   9.95	   2.35	   0.36	   0.10	   54.47	  
WELCKER	   67.75	   0.56	   15.07	   4.51	   0.09	   1.50	   4.04	   3.54	   2.78	   0.16	   37.32	  
WELCKER	   62.31	   0.48	   15.70	   6.20	   0.12	   3.50	   6.79	   2.84	   1.94	   0.13	   50.29	  
WELCKER	   69.14	   0.55	   14.74	   3.80	   0.09	   1.28	   3.63	   3.78	   2.83	   0.16	   37.68	  
WELCKER	   63.47	   0.50	   15.49	   5.95	   0.12	   3.24	   6.28	   2.94	   1.92	   0.11	   49.45	  
WELCKER	   60.79	   0.45	   15.61	   6.79	   0.13	   4.23	   7.55	   2.70	   1.65	   0.10	   52.83	  
WITORI	   68.58	   0.39	   15.11	   4.59	   0.13	   1.43	   4.62	   3.84	   1.17	   0.13	   35.86	  
WITORI	   61.69	   0.54	   15.27	   7.75	   0.13	   3.29	   6.88	   3.34	   1.02	   0.10	   43.23	  
WITORI	   68.32	   0.44	   15.14	   4.63	   0.12	   1.44	   4.91	   3.84	   1.03	   0.13	   35.89	  
WITORI	   62.94	   0.59	   15.58	   7.60	   0.15	   2.38	   6.22	   3.54	   0.85	   0.14	   35.96	  
WITORI	   57.64	   0.61	   17.68	   8.74	   0.16	   2.83	   8.46	   3.22	   0.51	   0.16	   36.72	  
WITORI	   76.01	   0.30	   12.98	   2.03	   0.09	   0.26	   2.33	   4.57	   1.36	   0.07	   18.84	  
WITORI	   69.62	   0.40	   14.78	   4.28	   0.12	   1.10	   4.39	   4.12	   1.03	   0.16	   31.61	  
WULAI	  	   53.22	   0.50	   18.14	   9.22	   0.16	   5.68	   10.34	   2.18	   0.49	   0.08	   52.51	  
WULAI	  	   57.17	   0.51	   18.04	   7.94	   0.14	   4.41	   8.36	   2.84	   0.50	   0.09	   49.92	  
WULAI	  	   57.82	   0.54	   19.17	   7.30	   0.14	   3.11	   8.06	   3.11	   0.64	   0.10	   43.33	  
WULAI	  	   55.51	   0.56	   18.54	   7.93	   0.15	   5.04	   8.71	   3.02	   0.43	   0.09	   53.27	  
WULAI	  	   53.22	   0.50	   18.14	   9.22	   0.16	   5.68	   10.34	   2.18	   0.49	   0.08	   52.51	  
WULAI	  	   53.03	   0.50	   18.89	   9.18	   0.17	   5.64	   10.01	   2.23	   0.26	   0.08	   52.42	  
GAROVE	  	   52.99	   1.44	   16.42	   10.14	   0.20	   5.34	   9.87	   3.02	   0.41	   0.16	   48.57	  
GAROVE	  	   55.89	   1.39	   16.54	   8.88	   0.20	   4.39	   8.17	   3.83	   0.53	   0.17	   47.01	  
GAROVE	  	   52.99	   1.44	   16.42	   10.14	   0.20	   5.34	   9.87	   3.02	   0.41	   0.16	   48.57	  
GAROVE	  	   55.89	   1.39	   16.54	   8.88	   0.20	   4.39	   8.17	   3.83	   0.53	   0.17	   47.01	  
GAROVE	  	   50.00	   0.86	   16.60	   9.10	   0.18	   8.00	   12.98	   2.01	   0.20	   0.08	   61.21	  
GAROVE	  	   52.85	   1.43	   15.77	   10.04	   0.20	   5.53	   10.55	   3.06	   0.41	   0.16	   49.70	  
GAROVE	  	   52.99	   1.44	   16.42	   10.14	   0.20	   5.34	   9.87	   3.02	   0.41	   0.16	   48.57	  
GAROVE	  	   54.59	   1.57	   15.35	   11.69	   0.24	   4.22	   8.03	   3.66	   0.46	   0.19	   39.31	  
GAROVE	  	   55.62	   1.77	   15.20	   11.26	   0.23	   3.85	   7.45	   3.85	   0.52	   0.25	   38.03	  
GAROVE	  	   55.61	   1.56	   15.72	   10.83	   0.21	   3.48	   7.35	   4.13	   0.89	   0.22	   36.55	  
GAROVE	  	   55.89	   1.39	   16.54	   8.88	   0.20	   4.39	   8.17	   3.83	   0.53	   0.17	   47.01	  
GAROVE	  	   63.65	   1.30	   15.06	   6.95	   0.17	   1.80	   4.42	   4.97	   1.30	   0.39	   31.70	  
GAROVE	  	   64.33	   1.29	   14.40	   6.77	   0.19	   1.70	   4.53	   5.18	   1.22	   0.39	   31.10	  
GAROVE	  	   64.99	   1.21	   14.69	   6.28	   0.19	   1.86	   4.12	   5.13	   1.26	   0.27	   34.73	  
GAROVE	  	   65.38	   1.26	   14.41	   6.05	   0.20	   1.52	   4.08	   5.54	   1.22	   0.34	   31.08	  
GAROVE	  	   70.89	   0.67	   13.51	   3.84	   0.15	   0.74	   2.62	   5.75	   1.69	   0.14	   25.59	  
GAROVE	  	   65.38	   1.26	   14.41	   6.05	   0.20	   1.52	   4.08	   5.54	   1.22	   0.34	   31.08	  
GAROVE	  	   52.85	   1.43	   15.77	   10.04	   0.20	   5.53	   10.55	   3.06	   0.41	   0.16	   49.70	  
GAROVE	  	   64.33	   1.29	   14.40	   6.77	   0.19	   1.70	   4.53	   5.18	   1.22	   0.39	   31.10	  
GAROVE	  	   52.99	   1.44	   16.42	   10.14	   0.20	   5.34	   9.87	   3.02	   0.41	   0.16	   48.57	  
GAROVE	  	   64.99	   1.21	   14.69	   6.28	   0.19	   1.86	   4.12	   5.13	   1.26	   0.27	   34.73	  
GAROVE	  	   70.89	   0.67	   13.51	   3.84	   0.15	   0.74	   2.62	   5.75	   1.69	   0.14	   25.59	  
GAROVE	  	   54.59	   1.57	   15.35	   11.69	   0.24	   4.22	   8.03	   3.66	   0.46	   0.19	   39.31	  
GAROVE	  	   55.61	   1.56	   15.72	   10.83	   0.21	   3.48	   7.35	   4.13	   0.89	   0.22	   36.55	  
GAROVE	  	   63.65	   1.30	   15.06	   6.95	   0.17	   1.80	   4.42	   4.97	   1.30	   0.39	   31.70	  
GAROVE	  	   55.62	   1.77	   15.20	   11.26	   0.23	   3.85	   7.45	   3.85	   0.52	   0.25	   38.03	  
GAROVE	  	   55.89	   1.39	   16.54	   8.88	   0.20	   4.39	   8.17	   3.83	   0.53	   0.17	   47.01	  
GAROVE	  	   50.00	   0.86	   16.60	   9.10	   0.18	   8.00	   12.98	   2.01	   0.20	   0.08	   61.21	  
MUNDUA	   52.25	   1.00	   17.08	   8.49	   0.18	   6.52	   11.02	   2.53	   0.76	   0.18	   57.95	  
MUNDUA	   49.53	   1.15	   15.10	   9.22	   0.18	   11.38	   10.87	   2.21	   0.25	   0.11	   68.91	  
MUNDUA	   50.40	   1.02	   16.77	   8.45	   0.17	   9.24	   11.21	   2.42	   0.21	   0.10	   66.24	  
MUNDUA	   52.25	   1.00	   17.08	   8.49	   0.18	   6.52	   11.02	   2.53	   0.76	   0.18	   57.95	  
MUNDUA	   52.25	   1.00	   17.08	   8.49	   0.18	   6.52	   11.02	   2.53	   0.76	   0.18	   57.95	  
MUNDUA	   49.73	   1.16	   14.55	   9.46	   0.18	   10.92	   11.52	   2.17	   0.19	   0.11	   67.43	  
MUNDUA	   49.10	   1.93	   16.06	   11.12	   0.19	   7.43	   11.11	   2.68	   0.16	   0.21	   54.50	  
MUNDUA	   49.84	   1.12	   15.98	   8.96	   0.18	   10.35	   10.85	   2.36	   0.24	   0.12	   67.45	  
MUNDUA	   49.53	   1.15	   15.10	   9.22	   0.18	   11.38	   10.87	   2.21	   0.25	   0.11	   68.91	  
MUNDUA	   50.40	   1.02	   16.77	   8.45	   0.17	   9.24	   11.21	   2.42	   0.21	   0.10	   66.24	  
MUNDUA	   52.41	   1.04	   17.40	   8.60	   0.18	   6.02	   10.73	   2.58	   0.84	   0.19	   55.68	  
MUNDUA	   52.25	   1.00	   17.08	   8.49	   0.18	   6.52	   11.02	   2.53	   0.76	   0.18	   57.95	  
NARAGE	   49.38	   1.01	   18.71	   9.66	   0.19	   5.32	   11.18	   3.23	   0.85	   0.47	   49.69	  
NARAGE	   54.68	   1.32	   16.65	   9.08	   0.21	   3.67	   7.73	   4.50	   1.38	   0.78	   42.06	  
NARAGE	   48.37	   0.97	   18.74	   9.55	   0.19	   5.91	   12.83	   2.34	   0.73	   0.38	   52.60	  
UNDAKA	   49.73	   1.16	   14.55	   9.46	   0.18	   10.92	   11.52	   2.17	   0.19	   0.11	   67.43	  
UNDAKA	   49.73	   1.16	   14.55	   9.46	   0.18	   10.92	   11.52	   2.17	   0.19	   0.11	   67.43	  
UNDAKA	   49.73	   1.16	   14.55	   9.46	   0.18	   10.92	   11.52	   2.17	   0.19	   0.11	   67.43	  
UNEA	  	   50.95	   0.81	   19.71	   9.13	   0.16	   4.50	   11.32	   2.68	   0.60	   0.15	   46.93	  
UNEA	  	   51.17	   0.69	   15.60	   8.96	   0.17	   8.66	   12.16	   2.08	   0.42	   0.09	   63.45	  
UNEA	  	   54.23	   1.08	   16.26	   9.86	   0.18	   4.85	   9.29	   3.08	   0.94	   0.23	   46.86	  
UNEA	  	   54.22	   0.59	   15.45	   8.19	   0.15	   7.02	   10.30	   2.78	   1.13	   0.17	   60.60	  
UNEA	  	   56.89	   0.91	   16.83	   8.45	   0.16	   3.45	   7.45	   3.90	   1.66	   0.28	   42.28	  
UNEA	  	   59.07	   1.17	   16.03	   9.13	   0.13	   2.47	   5.91	   3.85	   1.83	   0.41	   32.66	  
UNEA	  	   58.52	   0.53	   16.75	   6.91	   0.18	   4.04	   7.42	   3.68	   1.74	   0.23	   51.21	  
UNEA	  	   60.54	   0.81	   15.67	   7.51	   0.17	   2.85	   5.75	   4.07	   2.34	   0.28	   40.51	  
UNEA	  	   60.90	   0.36	   16.62	   6.22	   0.14	   3.19	   6.33	   4.05	   1.94	   0.25	   47.98	  
UNEA	  	   50.95	   0.81	   19.71	   9.13	   0.16	   4.50	   11.32	   2.68	   0.60	   0.15	   46.93	  
UNEA	  	   54.22	   0.59	   15.45	   8.19	   0.15	   7.02	   10.30	   2.78	   1.13	   0.17	   60.60	  
UNEA	  	   50.95	   0.81	   19.71	   9.13	   0.16	   4.50	   11.32	   2.68	   0.60	   0.15	   46.93	  
UNEA	  	   54.22	   0.59	   15.45	   8.19	   0.15	   7.02	   10.30	   2.78	   1.13	   0.17	   60.60	  
UNEA	  	   51.17	   0.69	   15.60	   8.96	   0.17	   8.66	   12.16	   2.08	   0.42	   0.09	   63.45	  
UNEA	  	   54.23	   1.08	   16.26	   9.86	   0.18	   4.85	   9.29	   3.08	   0.94	   0.23	   46.86	  
UNEA	  	   59.07	   1.17	   16.03	   9.13	   0.13	   2.47	   5.91	   3.85	   1.83	   0.41	   32.66	  
UNEA	  	   50.95	   0.81	   19.71	   9.13	   0.16	   4.50	   11.32	   2.68	   0.60	   0.15	   46.93	  
UNEA	  	   54.22	   0.59	   15.45	   8.19	   0.15	   7.02	   10.30	   2.78	   1.13	   0.17	   60.60	  
UNEA	  	   58.52	   0.53	   16.75	   6.91	   0.18	   4.04	   7.42	   3.68	   1.74	   0.23	   51.21	  
UNEA	  	   56.89	   0.91	   16.83	   8.45	   0.16	   3.45	   7.45	   3.90	   1.66	   0.28	   42.28	  
UNEA	  	   60.54	   0.81	   15.67	   7.51	   0.17	   2.85	   5.75	   4.07	   2.34	   0.28	   40.51	  
UNEA	  	   60.90	   0.36	   16.62	   6.22	   0.14	   3.19	   6.33	   4.05	   1.94	   0.25	   47.98	  
WAMBU	   49.10	   1.93	   16.06	   11.12	   0.19	   7.43	   11.11	   2.68	   0.16	   0.21	   54.50	  
WAMBU	   49.84	   1.12	   15.98	   8.96	   0.18	   10.35	   10.85	   2.36	   0.24	   0.12	   67.45	  
WINGORU	   52.41	   1.04	   17.40	   8.60	   0.18	   6.02	   10.73	   2.58	   0.84	   0.19	   55.68	  
BAGABAG	  	   52.16	   	   16.71	   10.11	   0.18	   6.62	   11.41	   2.04	   0.58	   0.18	   54.04	  
BAGABAG	  	   53.20	   	   17.56	   10.06	   0.18	   5.62	   10.06	   2.40	   0.71	   0.19	   50.05	  
BAGABAG	  	   51.97	   0.41	   13.61	   8.93	   0.16	   9.74	   12.68	   1.46	   0.84	   0.19	   66.20	  
BAGABAG	  	   53.65	   0.57	   16.70	   8.88	   0.17	   5.82	   10.53	   2.38	   1.09	   0.21	   54.06	  
BAGABAG	  	   52.82	   0.73	   17.44	   9.99	   0.18	   5.58	   9.99	   2.38	   0.71	   0.19	   50.05	  
BAGABAG	  	   51.82	   0.66	   16.60	   10.04	   0.18	   6.58	   11.34	   2.02	   0.58	   0.18	   54.04	  
BAGABAG	  	   57.89	   0.45	   17.33	   7.58	   0.13	   4.13	   8.20	   2.75	   1.38	   0.16	   49.45	  
BAGABAG	  	   55.91	   0.60	   17.55	   8.31	   0.17	   4.97	   9.18	   2.49	   0.66	   0.15	   51.78	  
BAGABAG	  	   52.10	   0.44	   15.75	   9.79	   0.19	   7.27	   11.81	   1.84	   0.66	   0.14	   57.14	  
BAGABAG	  	   56.72	   0.60	   17.05	   8.45	   0.17	   4.67	   8.93	   2.33	   0.91	   0.17	   49.80	  
BAGABAG	  	   51.38	   0.50	   16.49	   10.53	   0.19	   6.57	   11.83	   1.85	   0.52	   0.13	   52.84	  
BOISA	  	  	   53.96	   	   14.76	   8.81	   0.17	   8.35	   11.20	   2.04	   0.56	   0.14	   62.98	  
BOISA	  	  	   53.68	   0.35	   14.63	   8.55	   0.15	   8.48	   11.30	   2.12	   0.63	   0.11	   64.03	  
BOISA	  	  	   59.22	   0.28	   17.53	   6.32	   0.14	   3.93	   8.06	   3.17	   1.19	   0.16	   52.75	  
BOISA	  	  	   60.62	   0.29	   17.52	   5.95	   0.14	   3.47	   7.60	   3.07	   1.17	   0.16	   51.16	  
BOISA	  	  	   62.05	   0.27	   17.30	   5.45	   0.13	   3.22	   6.84	   3.37	   1.21	   0.16	   51.45	  
BOISA	  	  	   49.55	   0.35	   11.96	   9.13	   0.17	   13.98	   13.68	   0.94	   0.13	   0.09	   73.32	  
BOISA	  	   51.72	   0.44	   15.08	   10.12	   0.17	   8.60	   11.54	   1.80	   0.44	   0.09	   60.40	  
BOISA	  	  	   53.73	   0.43	   14.70	   8.77	   0.17	   8.31	   11.15	   2.03	   0.56	   0.14	   62.98	  
BOISA	  	  	   59.22	   0.28	   17.53	   6.32	   0.14	   3.93	   8.06	   3.17	   1.19	   0.16	   52.75	  
BOISA	  	  	   53.73	   0.43	   14.70	   8.77	   0.17	   8.31	   11.15	   2.03	   0.56	   0.14	   62.98	  
BOISA	  	  	   51.72	   0.44	   15.08	   10.12	   0.17	   8.60	   11.54	   1.80	   0.44	   0.09	   60.40	  
BOISA	  	  	   49.55	   0.35	   11.96	   9.13	   0.17	   13.98	   13.68	   0.94	   0.13	   0.09	   73.32	  
BOISA	  	  	   62.05	   0.27	   17.30	   5.45	   0.13	   3.22	   6.84	   3.37	   1.21	   0.16	   51.45	  
BOISA	  	  	   53.68	   0.35	   14.63	   8.55	   0.15	   8.48	   11.30	   2.12	   0.63	   0.11	   64.03	  
BOISA	  	  	   60.62	   0.29	   17.52	   5.95	   0.14	   3.47	   7.60	   3.07	   1.17	   0.16	   51.16	  
CROWN	  	   54.83	   	   20.24	   7.37	   0.16	   3.97	   9.36	   3.05	   0.78	   0.22	   49.12	  
CROWN	  	   54.45	   0.70	   20.10	   7.32	   0.16	   3.94	   9.29	   3.03	   0.78	   0.22	   49.12	  
CROWN	  	   66.68	   0.24	   17.00	   3.69	   0.15	   1.60	   5.62	   3.29	   1.57	   0.16	   43.72	  
CROWN	  	   62.81	   0.36	   17.96	   5.01	   0.14	   2.33	   6.39	   3.60	   1.21	   0.18	   45.57	  
CROWN	  	   53.94	   0.66	   19.62	   8.76	   0.20	   3.73	   8.89	   3.17	   0.82	   0.20	   43.29	  
CROWN	  	   57.04	   0.49	   17.80	   7.27	   0.15	   4.35	   8.90	   2.73	   1.11	   0.15	   51.77	  
CROWN	  	   55.67	   0.60	   17.88	   7.43	   0.15	   4.77	   9.70	   2.54	   1.14	   0.12	   53.57	  
KARKAR	  	   54.31	   	   19.79	   8.59	   0.16	   3.18	   10.40	   2.52	   0.89	   0.16	   39.94	  
KARKAR	  	   55.60	   	   15.56	   11.31	   0.22	   4.22	   8.80	   3.02	   1.06	   0.20	   40.09	  
KARKAR	  	   56.98	   0.66	   15.94	   8.49	   0.23	   4.32	   9.02	   3.07	   1.08	   0.21	   47.75	  
KARKAR	  	   56.40	   0.64	   16.04	   9.71	   0.18	   4.79	   8.47	   2.52	   1.01	   0.23	   46.95	  
KARKAR	  	   54.01	   0.56	   19.68	   8.54	   0.16	   3.16	   10.34	   2.51	   0.88	   0.16	   39.94	  
KARKAR	  	   54.05	   1.11	   17.92	   9.48	   0.17	   3.60	   9.91	   2.65	   0.94	   0.17	   40.55	  
KARKAR	  	   61.14	   0.67	   14.68	   9.47	   0.20	   2.11	   5.98	   3.72	   1.70	   0.31	   28.57	  
KARKAR	  	   54.89	   0.80	   16.39	   10.48	   0.19	   4.02	   9.30	   2.71	   1.02	   0.20	   40.79	  
KARKAR	  	   55.25	   0.64	   15.46	   11.24	   0.22	   4.19	   8.75	   3.00	   1.05	   0.20	   40.09	  
KARKAR	  	   56.71	   0.64	   15.54	   11.01	   0.24	   3.51	   7.81	   3.03	   1.28	   0.21	   36.42	  
KARKAR	  	   53.70	   0.52	   18.84	   9.21	   0.18	   3.46	   10.25	   2.72	   0.95	   0.16	   40.25	  
KARKAR	  	   54.59	   0.55	   17.94	   9.44	   0.20	   3.67	   9.71	   2.76	   0.96	   0.16	   41.13	  
KARKAR	  	   54.39	   0.54	   18.19	   9.29	   0.20	   3.72	   9.93	   2.66	   0.94	   0.15	   41.80	  
KARKAR	  	   56.53	   0.63	   15.69	   11.22	   0.22	   3.42	   8.11	   2.80	   1.15	   0.21	   35.39	  
LOLOBAU	   53.89	   0.59	   17.23	   9.15	   0.17	   5.79	   10.68	   2.07	   0.37	   0.06	   53.19	  
LOLOBAU	   72.91	   0.72	   15.02	   	   0.16	   1.19	   3.94	   4.57	   1.26	   0.23	   100.00	  
LONG	  	   48.91	   	   18.20	   11.11	   0.20	   6.97	   11.69	   2.02	   0.73	   0.15	   52.96	  
LONG	  	   52.04	   	   17.62	   10.66	   0.22	   4.45	   11.04	   2.38	   1.35	   0.25	   42.88	  
LONG	  	   57.44	   	   15.30	   10.86	   0.25	   3.14	   7.04	   3.29	   2.28	   0.40	   34.17	  
LONG	  	   49.21	   0.89	   18.16	   10.93	   0.20	   6.29	   11.16	   2.33	   0.62	   0.19	   50.81	  
LONG	  	   56.98	   0.80	   15.17	   10.77	   0.25	   3.12	   6.98	   3.27	   2.26	   0.39	   34.17	  
LONG	  	   59.46	   0.79	   15.04	   9.83	   0.25	   2.02	   5.29	   3.66	   3.15	   0.50	   26.97	  
LONG	  	   49.27	   0.77	   18.50	   10.38	   0.19	   6.28	   11.66	   2.11	   0.61	   0.21	   52.08	  
LONG	  	   55.44	   0.85	   15.83	   10.86	   0.16	   2.92	   7.86	   3.23	   2.22	   0.64	   32.58	  
LONG	  	   49.87	   0.77	   17.70	   11.27	   0.25	   5.01	   11.83	   1.97	   1.12	   0.20	   44.36	  
LONG	  	   51.70	   0.65	   17.50	   10.59	   0.22	   4.43	   10.96	   2.36	   1.34	   0.25	   42.88	  
LONG	  	   50.90	   0.79	   15.89	   12.48	   0.23	   5.36	   10.32	   2.53	   1.26	   0.24	   43.55	  
LONG	  	   51.64	   0.69	   19.48	   9.79	   0.19	   3.65	   10.65	   2.38	   1.27	   0.25	   40.10	  
LONG	  	   56.83	   0.83	   15.42	   10.91	   0.26	   3.17	   7.00	   3.12	   2.07	   0.39	   34.32	  
LONG	  	   51.41	   0.64	   19.22	   9.91	   0.19	   3.72	   10.66	   2.57	   1.41	   0.26	   40.27	  
LONG	  	   48.59	   0.67	   18.08	   11.04	   0.20	   6.92	   11.62	   2.01	   0.73	   0.15	   52.96	  
LONG	  	   47.57	   0.59	   17.76	   11.39	   0.25	   7.45	   12.45	   1.74	   0.62	   0.17	   54.02	  
LONG	  	   49.26	   0.55	   18.50	   12.56	   0.12	   4.22	   11.26	   2.61	   0.91	   	   37.63	  
LONG	  	   48.16	   0.58	   18.76	   11.91	   0.12	   4.62	   12.64	   2.21	   0.90	   0.10	   41.02	  
LONG	  	   58.45	   0.74	   15.80	   9.45	   0.24	   2.50	   6.65	   3.56	   2.24	   0.38	   32.20	  
LONG	  	   55.48	   0.80	   15.78	   10.69	   0.23	   3.43	   8.08	   3.22	   1.94	   0.35	   36.53	  
LONG	  	   55.57	   0.81	   15.80	   10.63	   0.23	   3.41	   8.09	   3.19	   1.90	   0.36	   36.55	  
LONG	  	   56.42	   0.80	   15.81	   10.49	   0.23	   3.03	   7.61	   3.17	   2.06	   0.39	   34.14	  
LONG	  	   56.15	   0.77	   15.70	   10.84	   0.24	   3.10	   7.64	   3.17	   2.02	   0.38	   33.91	  
LONG	  	   53.19	   0.69	   16.63	   10.74	   0.22	   4.03	   10.03	   2.65	   1.51	   0.30	   40.26	  
LONG	  	   53.75	   0.70	   16.94	   10.64	   0.22	   3.59	   9.46	   2.83	   1.58	   0.29	   37.70	  
LONG	  	   51.78	   0.62	   20.33	   9.01	   0.16	   2.90	   10.73	   2.78	   1.43	   0.26	   36.63	  
LONG	  	   48.84	   0.58	   18.59	   10.58	   0.18	   5.29	   12.95	   1.87	   0.97	   0.15	   47.29	  
LONG	  	   57.33	   0.77	   15.87	   10.01	   0.23	   2.86	   7.08	   3.42	   2.08	   0.36	   33.86	  
MANAM	  	   52.64	   0.30	   14.93	   8.30	   0.17	   9.12	   11.43	   2.40	   0.61	   0.10	   66.33	  
MANAM	  	   51.80	   0.39	   15.57	   9.00	   0.17	   7.92	   11.90	   2.47	   0.64	   0.13	   61.22	  
MANAM	  	   53.06	   0.32	   15.15	   8.31	   0.16	   8.63	   11.23	   2.41	   0.63	   0.10	   65.08	  
MANAM	  	   54.18	   0.50	   16.81	   8.01	   0.16	   6.48	   9.82	   2.79	   1.04	   0.20	   59.22	  
MANAM	  	   52.91	   0.33	   15.74	   8.41	   0.17	   7.96	   11.30	   2.43	   0.63	   0.11	   62.93	  
MANAM	  	   53.04	   0.37	   17.04	   8.31	   0.16	   6.76	   10.79	   2.67	   0.74	   0.12	   59.34	  
MANAM	  	   54.54	   0.35	   17.21	   7.88	   0.15	   5.76	   10.41	   2.69	   0.84	   0.15	   56.77	  
MANAM	  	   51.78	   0.36	   17.31	   9.04	   0.18	   6.73	   11.48	   2.45	   0.56	   0.12	   57.21	  
MANAM	  	   54.45	   	   16.90	   8.05	   0.16	   6.51	   9.87	   2.80	   1.05	   0.20	   59.22	  
MANAM	  	   52.68	   	   16.27	   8.73	   0.17	   7.38	   11.46	   2.56	   0.66	   0.09	   60.28	  
MANAM	  	   54.02	   	   14.86	   8.35	   0.14	   8.26	   11.16	   2.33	   0.76	   0.13	   63.96	  
MANAM	  	   54.18	   0.50	   16.81	   8.01	   0.16	   6.48	   9.82	   2.79	   1.04	   0.20	   59.22	  
MANAM	  	   53.06	   0.32	   15.15	   8.31	   0.16	   8.63	   11.23	   2.41	   0.63	   0.10	   65.08	  
MANAM	  	   53.04	   0.37	   17.04	   8.31	   0.16	   6.76	   10.79	   2.67	   0.74	   0.12	   59.34	  
MANAM	  	   52.06	   0.31	   15.24	   8.41	   0.17	   8.98	   11.92	   2.24	   0.57	   0.09	   65.70	  
MANAM	  	   52.22	   0.31	   15.29	   8.37	   0.17	   8.74	   11.86	   2.35	   0.58	   0.10	   65.19	  
MANAM	  	   52.87	   0.35	   16.36	   8.83	   0.17	   6.78	   11.48	   2.46	   0.59	   0.10	   57.96	  
MANAM	  	   52.98	   0.33	   15.19	   8.51	   0.17	   8.44	   11.18	   2.43	   0.64	   0.11	   64.02	  
MANAM	  	   51.40	   0.39	   16.94	   9.12	   0.18	   7.16	   11.80	   2.19	   0.67	   0.14	   58.53	  
MANAM	  	   52.76	   0.34	   15.88	   8.82	   0.17	   7.68	   11.36	   2.33	   0.58	   0.10	   60.98	  
MANAM	  	   51.78	   0.36	   17.31	   9.04	   0.18	   6.73	   11.48	   2.45	   0.56	   0.12	   57.21	  
MANAM	  	   51.73	   0.37	   16.27	   9.03	   0.18	   7.45	   11.87	   2.32	   0.66	   0.12	   59.67	  
MANAM	  	   52.54	   0.36	   16.03	   8.76	   0.18	   7.18	   11.59	   2.53	   0.69	   0.13	   59.54	  
MANAM	  	   53.95	   0.43	   18.09	   7.91	   0.15	   5.08	   10.09	   3.02	   1.07	   0.19	   53.54	  
MANAM	  	   52.29	   0.35	   16.89	   8.80	   0.18	   6.77	   11.45	   2.53	   0.62	   0.11	   57.99	  
MANAM	  	   52.72	   0.33	   15.35	   8.44	   0.17	   8.50	   11.32	   2.44	   0.61	   0.11	   64.35	  
MANAM	  	   52.91	   0.33	   15.74	   8.41	   0.17	   7.96	   11.30	   2.43	   0.63	   0.11	   62.93	  
MANAM	  	   54.54	   0.35	   17.21	   7.88	   0.15	   5.76	   10.41	   2.69	   0.84	   0.15	   56.77	  
MANAM	  	   52.05	   0.35	   16.93	   8.40	   0.18	   7.31	   11.54	   2.49	   0.62	   0.13	   60.95	  
MANAM	  	   52.50	   0.37	   16.24	   8.65	   0.17	   7.17	   11.47	   2.55	   0.73	   0.14	   59.79	  
MANAM	  	   52.64	   0.30	   14.93	   8.30	   0.17	   9.12	   11.43	   2.40	   0.61	   0.10	   66.33	  
MANAM	  	   52.15	   0.34	   16.51	   8.53	   0.17	   7.54	   11.63	   2.45	   0.58	   0.10	   61.33	  
MANAM	  	   51.80	   0.39	   15.57	   9.00	   0.17	   7.92	   11.90	   2.47	   0.64	   0.13	   61.22	  
MANAM	  	   53.61	   0.38	   16.22	   8.38	   0.14	   6.94	   10.78	   2.54	   0.87	   0.13	   59.79	  
MANAM	  	   53.91	   0.37	   15.84	   8.40	   0.15	   6.96	   10.82	   2.60	   0.82	   0.13	   59.80	  
MANAM	  	   53.93	   0.39	   16.73	   8.37	   0.14	   6.48	   10.32	   2.64	   0.84	   0.15	   58.15	  
MANAM	  	   53.76	   0.39	   16.75	   8.35	   0.14	   6.42	   10.38	   2.81	   0.85	   0.15	   57.95	  
MANAM	  	   53.77	   0.38	   16.46	   8.37	   0.14	   6.66	   10.62	   2.64	   0.83	   0.14	   58.81	  
MANAM	  	   54.04	   0.39	   16.64	   8.32	   0.14	   6.40	   10.38	   2.70	   0.84	   0.14	   57.99	  
MANAM	  	   54.38	   0.38	   15.68	   8.36	   0.15	   6.82	   10.73	   2.56	   0.81	   0.13	   59.41	  
MANAM	  	   54.44	   0.37	   15.64	   8.39	   0.14	   6.82	   10.70	   2.57	   0.81	   0.13	   59.32	  
MANAM	  	   53.83	   0.34	   14.81	   8.32	   0.14	   8.23	   11.12	   2.32	   0.76	   0.13	   63.96	  
MANAM	  	   53.97	   0.37	   15.37	   8.35	   0.15	   7.37	   10.89	   2.57	   0.81	   0.14	   61.30	  
MANAM	  	   53.84	   0.35	   14.92	   8.30	   0.14	   8.12	   11.08	   2.37	   0.76	   0.13	   63.73	  
MANAM	  	   54.11	   0.37	   15.30	   8.36	   0.15	   7.39	   10.86	   2.53	   0.80	   0.13	   61.34	  
MANAM	  	   53.95	   0.36	   14.89	   8.31	   0.15	   8.09	   11.07	   2.30	   0.75	   0.13	   63.59	  
AIMAGA	   48.90	   	   13.48	   10.45	   0.19	   11.13	   13.58	   1.72	   0.42	   0.14	   65.66	  
CAPE	  GLOUCESTER	   56.16	   0.55	   17.07	   8.75	   0.18	   4.14	   8.64	   2.73	   1.60	   0.18	   45.93	  
CAPE	  GLOUCESTER	   51.56	   0.62	   17.36	   10.77	   0.20	   5.72	   10.01	   2.55	   1.02	   0.18	   48.79	  
CAPE	  GLOUCESTER	   54.22	   0.57	   16.26	   9.54	   0.19	   5.15	   9.64	   2.73	   1.48	   0.22	   49.23	  
CAPE	  GLOUCESTER	   55.60	   0.44	   18.03	   8.26	   0.18	   4.76	   8.91	   2.58	   1.11	   0.12	   50.83	  
CAPE	  GLOUCESTER	   56.70	   0.56	   17.09	   8.46	   0.17	   3.92	   8.29	   2.87	   1.75	   0.19	   45.42	  
CAPE	  GLOUCESTER	   57.03	   0.51	   16.84	   8.39	   0.18	   3.96	   8.32	   2.86	   1.71	   0.19	   45.86	  
CAPE	  GLOUCESTER	   55.83	   0.54	   17.02	   8.78	   0.18	   4.15	   8.92	   2.79	   1.60	   0.18	   45.93	  
CAPE	  GLOUCESTER	   48.60	   0.62	   13.39	   10.38	   0.19	   11.06	   13.49	   1.70	   0.42	   0.14	   65.66	  
CAPE	  GLOUCESTER	   51.05	   0.54	   16.21	   9.98	   0.18	   7.34	   11.85	   1.97	   0.74	   0.14	   56.91	  
CAPE	  GLOUCESTER	   51.39	   0.61	   18.32	   10.42	   0.20	   5.44	   10.28	   2.44	   0.72	   0.17	   48.41	  
CAPE	  GLOUCESTER	   55.60	   0.38	   16.15	   8.62	   0.18	   5.83	   9.76	   2.35	   1.02	   0.11	   54.82	  
CAPE	  GLOUCESTER	   50.19	   0.48	   13.94	   10.68	   0.20	   9.44	   12.12	   1.92	   0.85	   0.17	   61.33	  
CAPE	  GLOUCESTER	   53.49	   0.62	   17.39	   9.81	   0.19	   4.68	   9.41	   2.69	   1.53	   0.20	   46.13	  
CAPE	  GLOUCESTER	   51.78	   0.57	   17.70	   10.38	   0.19	   5.65	   10.12	   2.39	   1.06	   0.15	   49.40	  
CAPE	  GLOUCESTER	   53.98	   0.53	   16.53	   8.95	   0.17	   5.71	   10.15	   2.50	   1.30	   0.17	   53.40	  
CAPE	  GLOUCESTER	   53.70	   0.60	   16.41	   9.81	   0.17	   5.62	   9.83	   2.38	   1.31	   0.17	   50.71	  
CAPE	  GLOUCESTER	   52.70	   0.57	   15.55	   9.41	   0.18	   7.22	   10.30	   2.47	   1.37	   0.23	   57.93	  
CAPE	  GLOUCESTER	   49.78	   0.40	   11.71	   9.08	   0.17	   15.25	   10.91	   1.75	   0.83	   0.12	   75.09	  
LANGILA	   55.87	   0.57	   16.36	   10.00	   0.21	   4.59	   8.58	   2.20	   1.52	   0.10	   45.15	  
LANGILA	   55.33	   0.56	   16.60	   10.04	   0.21	   4.53	   8.85	   2.21	   1.57	   0.10	   44.73	  
LANGILA	   55.55	   0.57	   16.51	   10.13	   0.20	   4.50	   8.71	   2.20	   1.52	   0.10	   44.38	  
LANGILA	   55.90	   0.57	   16.77	   9.62	   0.20	   4.39	   8.48	   2.40	   1.57	   0.10	   45.03	  
LANGILA	   55.82	   0.56	   16.80	   9.10	   0.19	   4.20	   8.84	   2.77	   1.54	   0.18	   45.31	  
LANGILA	   55.94	   0.54	   17.08	   8.90	   0.17	   4.00	   8.88	   2.71	   1.59	   0.18	   44.63	  
LANGILA	   55.54	   0.55	   17.01	   9.08	   0.17	   4.18	   9.16	   2.63	   1.50	   0.18	   45.22	  
LANGILA	   55.63	   0.55	   17.02	   9.05	   0.17	   4.15	   9.05	   2.69	   1.51	   0.18	   45.15	  
LANGILA	   55.84	   0.54	   17.02	   8.94	   0.17	   4.09	   9.03	   2.66	   1.52	   0.18	   45.10	  
LANGILA	   55.58	   0.55	   17.01	   9.13	   0.17	   4.16	   9.09	   2.63	   1.49	   0.17	   45.00	  
LANGILA	   55.57	   0.55	   17.00	   9.08	   0.18	   4.25	   9.03	   2.66	   1.51	   0.18	   45.66	  
LANGILA	   55.50	   0.54	   17.53	   8.89	   0.16	   4.07	   8.93	   2.69	   1.50	   0.19	   45.08	  
LANGILA	   56.12	   0.54	   17.36	   8.67	   0.16	   3.92	   8.64	   2.75	   1.64	   0.20	   44.80	  
LANGILA	   55.61	   0.54	   17.30	   8.94	   0.16	   4.11	   8.90	   2.71	   1.53	   0.19	   45.19	  
LANGILA	   55.35	   0.55	   17.01	   9.73	   0.10	   4.03	   8.65	   2.92	   1.57	   0.10	   42.61	  
LANGILA	   51.89	   	   17.47	   10.84	   0.21	   5.75	   10.07	   2.57	   1.03	   0.18	   48.79	  
HIGHLANDS	   54.63	   0.75	   17.48	   10.70	   0.23	   3.37	   8.05	   2.77	   1.70	   0.31	   36.08	  
RITTER	  	   56.39	   0.53	   16.35	   7.65	   0.07	   6.67	   8.33	   2.81	   1.00	   0.19	   61.00	  
RITTER	  	   52.05	   0.51	   14.07	   8.54	   0.17	   9.90	   11.35	   2.01	   1.19	   0.22	   67.55	  
RITTER	  	   52.88	   0.52	   14.43	   9.18	   0.15	   8.43	   11.40	   1.99	   0.84	   0.18	   62.22	  
RITTER	  	   52.72	   0.53	   13.78	   9.21	   0.15	   9.21	   11.47	   1.83	   0.89	   0.20	   64.22	  
SAKAR	  	   58.74	   0.58	   18.16	   6.40	   0.11	   3.55	   7.66	   2.94	   1.67	   0.18	   49.88	  
SAKAR	  	   58.67	   0.51	   18.57	   6.40	   0.15	   3.16	   7.60	   2.96	   1.80	   0.18	   47.01	  
SAKAR	  	   59.80	   0.47	   18.11	   5.97	   0.15	   3.40	   7.15	   2.78	   1.96	   0.21	   50.52	  
SAKAR	  	   58.60	   0.45	   17.94	   6.34	   0.16	   3.24	   8.16	   3.29	   1.62	   0.19	   47.88	  
SAKAR	  	   48.21	   0.56	   14.28	   9.65	   0.18	   12.25	   12.56	   1.64	   0.52	   0.16	   69.52	  
SAKAR	  	   52.70	   0.47	   13.88	   9.56	   0.18	   8.72	   11.66	   1.84	   0.85	   0.14	   62.07	  
SAKAR	  	   51.77	   0.63	   16.82	   9.28	   0.17	   6.99	   11.65	   1.82	   0.69	   0.18	   57.48	  
SAKAR	  	   50.84	   0.52	   13.83	   8.99	   0.17	   11.90	   11.39	   1.41	   0.76	   0.18	   70.37	  
BAM	  	   55.60	   	   16.71	   8.68	   0.16	   5.48	   9.52	   2.28	   1.38	   0.19	   53.11	  
BAM	  	   59.54	   	   17.31	   7.11	   0.14	   3.44	   8.10	   2.84	   1.29	   0.23	   46.50	  
BAM	  	   55.39	   0.38	   16.65	   8.65	   0.16	   5.45	   9.48	   2.27	   1.37	   0.19	   53.07	  
BAM	  	   63.02	   0.50	   16.13	   6.18	   0.13	   2.92	   6.65	   2.72	   1.51	   0.22	   45.96	  
BAM	  	   56.81	   0.38	   16.25	   8.19	   0.16	   5.30	   9.33	   2.32	   1.06	   0.19	   53.74	  
BAM	  	   59.26	   0.46	   17.23	   7.08	   0.14	   3.43	   8.06	   2.82	   1.28	   0.23	   46.50	  
BLUPBLUP	  	   56.87	   	   14.01	   9.48	   0.17	   6.55	   9.87	   1.92	   0.96	   0.16	   55.36	  
BLUPBLUP	  	   66.88	   0.34	   15.57	   4.69	   0.17	   1.85	   4.63	   3.31	   2.39	   0.16	   41.52	  
BLUPBLUP	  	   56.68	   0.34	   13.97	   9.44	   0.17	   6.52	   9.84	   1.92	   0.96	   0.16	   55.36	  
BLUPBLUP	  	   61.06	   0.39	   14.50	   6.94	   0.13	   4.39	   7.91	   2.35	   2.14	   0.18	   53.19	  
BLUPBLUP	  	   60.86	   0.38	   14.76	   7.51	   0.14	   4.38	   7.33	   2.39	   2.02	   0.24	   51.15	  
KADOVAR	  	   56.24	   0.45	   13.76	   8.44	   0.16	   6.42	   10.11	   1.93	   2.17	   0.31	   57.71	  
KADOVAR	  	   58.69	   0.28	   13.64	   8.74	   0.16	   6.01	   8.89	   1.97	   1.36	   0.25	   55.25	  
KADOVAR	  	   54.60	   0.42	   15.30	   9.54	   0.13	   6.03	   10.54	   2.13	   1.09	   0.22	   53.13	  
KADOVAR	  	   56.12	   0.34	   13.95	   8.74	   0.16	   6.22	   9.91	   2.02	   2.22	   0.31	   56.09	  
VIAI	  	   59.87	   	   14.15	   8.68	   0.14	   5.23	   8.82	   2.03	   0.95	   0.13	   51.94	  
VIAI	  	   61.26	   	   14.25	   8.00	   0.13	   5.04	   7.99	   2.14	   1.09	   0.11	   53.06	  
VIAI	  	   59.36	   0.32	   14.59	   8.27	   0.14	   6.03	   8.51	   1.91	   0.78	   0.09	   56.68	  
VIAI	  	   60.96	   0.32	   14.76	   7.96	   0.13	   4.70	   8.09	   2.12	   0.86	   0.10	   51.46	  
VIAI	  	   59.63	   0.39	   14.09	   8.65	   0.14	   5.21	   8.78	   2.02	   0.95	   0.13	   51.94	  
VIAI	  	   61.06	   0.32	   14.20	   7.97	   0.13	   5.02	   7.96	   2.13	   1.09	   0.11	   53.06	  
VOKEO	  	   59.04	   	   16.40	   8.84	   0.17	   3.95	   8.75	   2.25	   0.49	   0.10	   44.49	  
VOKEO	  	   62.46	   	   16.45	   4.91	   0.09	   4.67	   7.72	   2.79	   0.74	   0.16	   63.09	  
VOKEO	  	   61.04	   0.70	   17.18	   4.97	   0.10	   3.69	   6.67	   3.79	   1.39	   0.46	   57.11	  
VOKEO	  	   61.23	   0.36	   16.90	   4.70	   0.09	   5.01	   8.10	   2.88	   0.60	   0.13	   65.69	  
VOKEO	  	   64.26	   0.38	   16.97	   3.63	   0.06	   3.49	   6.47	   3.74	   0.83	   0.17	   63.30	  
VOKEO	  	   62.35	   0.32	   16.02	   4.62	   0.07	   5.63	   7.20	   2.99	   0.67	   0.14	   68.64	  
VOKEO	  	   62.23	   0.36	   16.39	   4.89	   0.09	   4.65	   7.69	   2.78	   0.74	   0.16	   63.09	  
VOKEO	  	   58.73	   0.52	   16.31	   8.79	   0.17	   3.93	   8.71	   2.24	   0.49	   0.10	   44.49	  
TOLOKIWA	  	   49.57	   	   16.93	   10.34	   0.19	   7.60	   12.06	   2.18	   0.89	   0.22	   56.89	  
TOLOKIWA	  	   51.31	   	   17.91	   9.46	   0.18	   6.07	   11.03	   2.53	   1.17	   0.33	   53.55	  
TOLOKIWA	  	   58.52	   0.52	   18.09	   5.98	   0.16	   3.76	   7.98	   3.05	   1.66	   0.29	   53.03	  
TOLOKIWA	  	   54.25	   0.65	   17.88	   7.82	   0.15	   5.40	   9.09	   2.88	   1.53	   0.35	   55.37	  
TOLOKIWA	  	   56.98	   0.50	   18.09	   6.72	   0.15	   4.02	   8.44	   3.07	   1.72	   0.31	   51.76	  
TOLOKIWA	  	   51.39	   0.70	   17.06	   8.62	   0.17	   7.52	   10.60	   2.63	   1.02	   0.29	   61.05	  
TOLOKIWA	  	   51.80	   0.77	   16.80	   8.65	   0.17	   6.88	   10.93	   2.38	   1.36	   0.27	   58.83	  
TOLOKIWA	  	   51.46	   0.74	   16.38	   8.91	   0.18	   7.68	   10.72	   2.38	   1.29	   0.26	   60.76	  
TOLOKIWA	  	   53.80	   0.73	   19.39	   7.47	   0.15	   3.96	   9.24	   3.10	   1.83	   0.34	   48.78	  
TOLOKIWA	  	   49.26	   0.63	   16.82	   10.28	   0.19	   7.55	   11.99	   2.17	   0.89	   0.22	   56.89	  
TOLOKIWA	  	   50.94	   0.71	   17.78	   9.39	   0.18	   6.03	   10.95	   2.51	   1.17	   0.33	   53.55	  
UMBOI	  	   50.28	   	   19.00	   10.84	   0.20	   5.64	   10.97	   2.23	   0.67	   0.16	   48.28	  
UMBOI	  	   50.35	   	   12.11	   9.42	   0.18	   15.03	   10.59	   1.63	   0.57	   0.11	   74.13	  
UMBOI	  	   50.97	   	   16.11	   11.75	   0.21	   7.19	   11.21	   1.88	   0.54	   0.14	   52.34	  
UMBOI	  	   51.50	   0.64	   16.12	   9.97	   0.19	   7.05	   11.05	   1.95	   1.26	   0.27	   55.92	  
UMBOI	  	   54.99	   0.57	   18.43	   8.38	   0.15	   4.07	   9.16	   2.34	   1.63	   0.26	   46.59	  
UMBOI	  	   54.98	   0.54	   16.44	   8.82	   0.16	   5.30	   9.89	   2.17	   1.50	   0.19	   51.88	  
UMBOI	  	   52.83	   0.63	   18.45	   10.03	   0.20	   4.74	   9.98	   2.07	   0.93	   0.15	   45.90	  
UMBOI	  	   55.57	   0.48	   21.61	   6.60	   0.15	   2.31	   9.70	   2.51	   0.92	   0.14	   38.58	  
UMBOI	  	   53.74	   0.46	   18.45	   9.66	   0.18	   5.19	   9.88	   1.86	   0.49	   0.08	   49.10	  
UMBOI	  	   64.67	   0.69	   15.09	   6.36	   0.09	   1.51	   4.38	   3.82	   3.02	   0.37	   29.87	  
UMBOI	  	   50.14	   0.42	   12.06	   9.38	   0.18	   14.97	   10.55	   1.63	   0.56	   0.11	   74.13	  
UMBOI	  	   55.02	   0.62	   16.08	   9.06	   0.16	   5.92	   9.61	   1.99	   1.38	   0.17	   53.98	  
UMBOI	  	   54.79	   0.58	   16.28	   8.75	   0.17	   5.66	   9.91	   2.07	   1.62	   0.17	   53.74	  
UMBOI	  	   55.53	   0.57	   16.49	   8.65	   0.16	   5.11	   9.41	   2.17	   1.74	   0.18	   51.46	  
UMBOI	  	   53.91	   0.59	   17.77	   9.38	   0.18	   5.15	   9.49	   2.42	   0.92	   0.19	   49.63	  
UMBOI	  	   49.98	   0.61	   18.88	   10.77	   0.20	   5.60	   10.90	   2.22	   0.67	   0.16	   48.28	  
UMBOI	  	   50.65	   0.64	   16.00	   11.67	   0.21	   7.14	   11.14	   1.86	   0.54	   0.14	   52.34	  
 
 
 
 
 
 
 
 
Table F.2. Whole-rock global picrite compositions used for comparison, downloaded from the GEOROC database. 
 
Arc	  Locality	   SiO2	   TiO2	   Al2O3	   FeO	   MnO	   MgO	   CaO	   Na2O	   K2O	   P2O5	   Mg#	  
Andean	  Arc	   43.09	   3.21	   11.05	   12.19	   0.19	   12.60	   12.44	   3.19	   1.19	   0.86	   64.97	  
Andean	  Arc	   42.44	   3.16	   11.07	   13.36	   0.20	   12.72	   11.97	   2.68	   1.56	   0.84	   63.08	  
Andean	  Arc	   43.27	   3.08	   10.82	   12.60	   0.18	   12.92	   12.56	   2.79	   0.97	   0.83	   64.79	  
Andean	  Arc	   45.29	   2.72	   9.91	   11.96	   0.14	   14.20	   12.30	   1.93	   0.80	   0.76	   68.06	  
Andean	  Arc	   42.30	   3.78	   9.56	   13.07	   0.21	   14.62	   12.55	   2.70	   0.23	   0.98	   66.75	  
Andean	  Arc	   42.65	   2.93	   10.46	   12.02	   0.18	   14.77	   11.95	   3.02	   1.22	   0.79	   68.80	  
Andean	  Arc	   42.58	   3.82	   9.42	   12.69	   0.20	   15.80	   12.07	   2.19	   0.23	   0.99	   69.09	  
Andean	  Arc	   45.24	   2.45	   9.14	   12.25	   0.18	   15.54	   11.07	   2.56	   1.08	   0.47	   69.48	  
Andean	  Arc	   45.37	   2.49	   9.34	   12.18	   0.18	   15.54	   10.88	   2.52	   1.07	   0.43	   69.60	  
Cascades	  Arc	   45.98	   3.06	   11.06	   13.16	   0.20	   12.49	   10.52	   2.17	   0.86	   0.49	   63.02	  
Cascades	  Arc	   45.09	   2.68	   9.80	   11.88	   0.20	   14.32	   12.08	   2.16	   0.91	   0.88	   68.40	  
Central	  American	  Volcanic	  Arc	   43.38	   2.11	   12.33	   9.91	   0.17	   13.49	   14.44	   2.26	   0.87	   1.04	   70.96	  
Central	  American	  Volcanic	  Arc	   46.52	   0.83	   13.81	   9.23	   0.18	   13.88	   13.03	   1.36	   0.80	   0.36	   72.95	  
Central	  American	  Volcanic	  Arc	   46.81	   2.47	   12.74	   10.51	   0.16	   12.92	   10.60	   2.63	   0.62	   0.54	   68.82	  
Central	  American	  Volcanic	  Arc	   44.70	   2.31	   13.31	   10.89	   0.18	   13.57	   10.48	   3.18	   0.60	   0.78	   69.11	  
Central	  American	  Volcanic	  Arc	   46.84	   1.64	   13.77	   9.72	   0.16	   12.49	   11.10	   2.39	   1.24	   0.66	   69.74	  
Central	  American	  Volcanic	  Arc	   47.02	   1.60	   13.83	   9.69	   0.16	   12.85	   11.04	   2.43	   0.83	   0.55	   70.42	  
Central	  American	  Volcanic	  Arc	   47.04	   1.57	   13.65	   9.66	   0.16	   13.15	   10.89	   2.55	   0.79	   0.54	   70.95	  
Central	  American	  Volcanic	  Arc	   47.29	   1.76	   14.77	   10.01	   0.17	   12.83	   9.03	   2.18	   1.24	   0.71	   69.69	  
Central	  American	  Volcanic	  Arc	   45.43	   1.32	   13.87	   10.30	   0.19	   14.96	   11.67	   1.31	   0.51	   0.43	   72.28	  
Central	  American	  Volcanic	  Arc	   43.70	   2.05	   12.03	   9.57	   0.17	   15.80	   12.17	   2.83	   0.65	   1.03	   74.75	  
Central	  American	  Volcanic	  Arc	   43.81	   2.09	   11.76	   9.76	   0.17	   16.12	   12.31	   2.25	   0.71	   1.02	   74.77	  
Central	  American	  Volcanic	  Arc	   43.64	   2.07	   11.68	   9.65	   0.17	   16.36	   12.63	   2.37	   0.42	   1.01	   75.26	  
Central	  American	  Volcanic	  Arc	   45.82	   1.35	   13.81	   10.37	   0.20	   14.55	   11.56	   1.31	   0.61	   0.43	   71.58	  
Central	  American	  Volcanic	  Arc	   45.21	   1.22	   10.58	   10.20	   0.16	   18.16	   12.13	   1.26	   0.70	   0.39	   76.17	  
Central	  American	  Volcanic	  Arc	   45.59	   1.66	   8.38	   12.49	   0.18	   23.49	   6.54	   1.25	   0.22	   0.20	   77.14	  
Central	  American	  Volcanic	  Arc	   45.06	   1.49	   7.42	   12.27	   0.18	   25.64	   6.53	   1.15	   0.10	   0.15	   78.95	  
Central	  American	  Volcanic	  Arc	   46.96	   2.45	   13.24	   10.78	   0.16	   12.61	   10.77	   2.14	   0.61	   0.28	   67.74	  
Central	  American	  Volcanic	  Arc	   46.90	   2.01	   11.45	   10.93	   0.18	   15.72	   11.13	   0.84	   0.63	   0.21	   72.07	  
Central	  American	  Volcanic	  Arc	   44.97	   1.80	   9.32	   11.88	   0.19	   21.90	   8.34	   1.04	   0.37	   0.20	   76.78	  
Greater	  Antilles	  Arc	   49.53	   1.09	   17.47	   8.41	   0.16	   8.52	   11.59	   2.92	   0.18	   0.14	   64.52	  
Greater	  Antilles	  Arc	   49.50	   3.74	   13.37	   11.89	   0.18	   7.44	   10.95	   2.12	   0.48	   0.33	   52.90	  
Greater	  Antilles	  Arc	   50.25	   1.51	   11.47	   10.22	   0.18	   8.98	   15.12	   0.97	   1.12	   0.16	   61.20	  
Greater	  Antilles	  Arc	   49.42	   0.85	   14.16	   10.49	   0.18	   11.58	   11.15	   2.08	   0.04	   0.05	   66.44	  
Honshu	  Arc	   45.18	   3.58	   10.56	   11.99	   0.19	   16.22	   10.20	   0.63	   0.54	   0.90	   70.84	  
Honshu	  Arc	   44.29	   3.13	   8.49	   13.39	   0.23	   21.11	   8.15	   0.25	   0.18	   0.77	   73.89	  
Honshu	  Arc	   49.77	   0.61	   14.72	   8.89	   0.17	   13.11	   10.63	   1.86	   0.16	   0.07	   72.59	  
Honshu	  Arc	   45.69	   2.00	   13.61	   10.43	   0.18	   12.47	   11.73	   1.80	   1.58	   0.51	   68.21	  
Honshu	  Arc	   44.49	   1.80	   13.62	   10.09	   0.18	   12.72	   12.13	   2.46	   1.80	   0.71	   69.34	  
Honshu	  Arc	   45.64	   1.65	   13.93	   9.86	   0.17	   13.25	   10.87	   2.80	   1.29	   0.53	   70.69	  
Izu-­‐Bonin-­‐Mariana	  Arc	   43.96	   1.35	   6.89	   11.32	   0.17	   28.83	   6.29	   0.89	   0.12	   0.20	   82.05	  
Kamchatka	  Arc	   44.69	   0.30	   4.49	   9.97	   0.17	   34.89	   4.83	   0.10	   0.41	   0.15	   86.26	  
Kamchatka	  Arc	   45.93	   0.31	   4.61	   9.72	   0.19	   35.39	   3.47	   0.06	   0.06	   0.25	   86.73	  
Kamchatka	  Arc	   43.76	   0.36	   5.13	   10.46	   0.19	   30.88	   7.15	   0.12	   1.72	   0.24	   84.12	  
Kamchatka	  Arc	   44.10	   0.30	   4.27	   9.40	   0.19	   35.38	   5.26	   0.16	   0.75	   0.19	   87.10	  
Kamchatka	  Arc	   48.01	   0.39	   9.13	   10.48	   0.18	   21.44	   8.13	   0.55	   1.44	   0.23	   78.59	  
Kamchatka	  Arc	   44.71	   0.27	   4.97	   10.55	   0.23	   32.47	   5.87	   0.20	   0.55	   0.17	   84.67	  
Lesser	  Antilles	  Arc	   44.88	   0.46	   6.60	   10.58	   0.17	   31.34	   5.72	   0.20	   0.01	   0.04	   84.16	  
Lesser	  Antilles	  Arc	   43.91	   0.44	   5.97	   10.87	   0.18	   32.30	   6.03	   0.18	   0.07	   0.04	   84.21	  
Lesser	  Antilles	  Arc	   44.46	   0.48	   6.37	   10.91	   0.18	   31.69	   5.63	   0.20	   0.05	   0.03	   83.90	  
Lesser	  Antilles	  Arc	   45.79	   0.55	   7.44	   10.99	   0.18	   28.99	   5.82	   0.17	   0.02	   0.04	   82.56	  
Lesser	  Antilles	  Arc	   46.05	   0.56	   7.58	   10.93	   0.18	   28.85	   5.68	   0.10	   0.03	   0.04	   82.57	  
Lesser	  Antilles	  Arc	   46.38	   0.69	   8.95	   11.01	   0.11	   26.59	   6.23	   	   0.01	   0.04	   81.26	  
Lesser	  Antilles	  Arc	   48.19	   0.90	   13.67	   9.19	   0.18	   13.02	   11.83	   2.11	   0.76	   0.15	   71.77	  
Lesser	  Antilles	  Arc	   47.22	   0.88	   14.63	   9.38	   0.17	   14.12	   11.15	   1.97	   0.37	   0.11	   72.98	  
Lesser	  Antilles	  Arc	   47.18	   0.86	   14.55	   9.41	   0.17	   14.36	   11.04	   1.93	   0.40	   0.10	   73.26	  
Lesser	  Antilles	  Arc	   47.28	   0.87	   14.78	   9.27	   0.17	   14.24	   10.94	   1.94	   0.41	   0.11	   73.39	  
Lesser	  Antilles	  Arc	   46.04	   1.17	   13.46	   9.45	   0.17	   13.87	   12.70	   1.81	   1.05	   0.29	   72.48	  
Lesser	  Antilles	  Arc	   46.49	   0.89	   14.87	   9.42	   0.16	   14.55	   10.96	   2.14	   0.40	   0.11	   73.49	  
Lesser	  Antilles	  Arc	   45.42	   0.92	   14.43	   9.02	   0.18	   13.71	   12.85	   2.42	   0.69	   0.36	   73.18	  
Lesser	  Antilles	  Arc	   46.36	   1.14	   12.62	   9.44	   0.17	   14.62	   12.34	   1.90	   1.11	   0.30	   73.55	  
Lesser	  Antilles	  Arc	   45.83	   0.93	   12.73	   9.55	   0.18	   15.53	   12.50	   1.96	   0.55	   0.23	   74.47	  
Lesser	  Antilles	  Arc	   47.82	   0.79	   13.64	   9.13	   0.16	   12.85	   12.57	   2.05	   0.76	   0.22	   71.63	  
Lesser	  Antilles	  Arc	   48.38	   0.92	   13.91	   9.93	   0.18	   15.60	   8.92	   1.82	   0.26	   0.08	   73.82	  
Lesser	  Antilles	  Arc	   45.83	   0.93	   12.73	   9.55	   0.18	   15.53	   12.50	   1.96	   0.55	   0.23	   74.47	  
Lesser	  Antilles	  Arc	   45.81	   0.86	   13.28	   10.03	   0.23	   14.53	   12.54	   2.06	   0.46	   0.19	   72.22	  
Lesser	  Antilles	  Arc	   46.99	   0.89	   16.48	   9.38	   0.22	   13.14	   10.61	   1.87	   0.33	   0.09	   71.54	  
Lesser	  Antilles	  Arc	   47.81	   0.83	   13.61	   9.24	   0.17	   15.06	   10.47	   2.17	   0.50	   0.14	   74.52	  
Lesser	  Antilles	  Arc	   46.71	   0.90	   13.44	   9.36	   0.18	   16.16	   10.68	   2.01	   0.44	   0.12	   75.61	  
Lesser	  Antilles	  Arc	   45.50	   1.09	   14.67	   9.56	   0.19	   12.29	   13.26	   2.35	   0.74	   0.34	   69.76	  
Lesser	  Antilles	  Arc	   46.25	   1.09	   12.90	   9.61	   0.18	   14.31	   11.55	   2.44	   1.27	   0.41	   72.77	  
Lesser	  Antilles	  Arc	   48.20	   0.89	   13.67	   9.19	   0.18	   13.02	   11.84	   2.11	   0.76	   0.15	   71.77	  
Lesser	  Antilles	  Arc	   46.71	   0.90	   13.44	   9.36	   0.18	   16.16	   10.68	   2.01	   0.44	   0.12	   75.61	  
Lesser	  Antilles	  Arc	   47.83	   0.84	   14.21	   9.16	   0.16	   13.53	   11.70	   2.09	   0.37	   0.10	   72.60	  
Lesser	  Antilles	  Arc	   48.64	   0.97	   14.90	   8.86	   0.17	   12.14	   11.13	   2.38	   0.64	   0.17	   71.08	  
Lesser	  Antilles	  Arc	   48.17	   0.95	   15.09	   9.30	   0.18	   13.36	   11.31	   1.10	   0.43	   0.12	   72.05	  
Lesser	  Antilles	  Arc	   46.89	   0.91	   15.00	   9.04	   0.18	   12.75	   12.19	   2.40	   0.43	   0.20	   71.69	  
Lesser	  Antilles	  Arc	   46.35	   1.15	   12.62	   9.44	   0.17	   14.62	   12.34	   1.90	   1.11	   0.30	   73.55	  
Lesser	  Antilles	  Arc	   48.23	   0.99	   14.85	   8.98	   0.18	   12.12	   11.24	   2.58	   0.67	   0.17	   70.77	  
Lesser	  Antilles	  Arc	   47.83	   0.84	   14.21	   9.16	   0.16	   13.53	   11.70	   2.09	   0.37	   0.10	   72.60	  
Lesser	  Antilles	  Arc	   47.55	   0.89	   13.74	   9.42	   0.18	   14.64	   10.96	   2.11	   0.43	   0.10	   73.61	  
Lesser	  Antilles	  Arc	   47.35	   0.89	   14.06	   9.16	   0.17	   14.67	   11.14	   2.03	   0.42	   0.10	   74.17	  
Lesser	  Antilles	  Arc	   47.35	   0.89	   14.06	   9.16	   0.17	   14.67	   11.14	   2.03	   0.42	   0.10	   74.17	  
Lesser	  Antilles	  Arc	   47.03	   0.94	   14.00	   9.49	   0.17	   13.42	   12.29	   2.10	   0.44	   0.11	   71.72	  
Lesser	  Antilles	  Arc	   46.37	   0.99	   15.22	   9.59	   0.18	   11.94	   12.79	   1.97	   0.65	   0.30	   69.09	  
Lesser	  Antilles	  Arc	   46.75	   1.06	   14.65	   9.54	   0.18	   12.27	   13.07	   1.70	   0.50	   0.28	   69.78	  
Lesser	  Antilles	  Arc	   47.17	   0.96	   13.42	   9.67	   0.19	   14.40	   11.58	   1.75	   0.64	   0.21	   72.77	  
Lesser	  Antilles	  Arc	   47.19	   0.90	   13.67	   9.35	   0.18	   14.03	   11.83	   2.27	   0.45	   0.12	   72.91	  
Lesser	  Antilles	  Arc	   48.77	   0.93	   15.38	   9.21	   0.18	   12.87	   10.05	   1.78	   0.58	   0.23	   71.49	  
Lesser	  Antilles	  Arc	   48.19	   0.95	   15.61	   9.51	   0.19	   12.70	   10.30	   1.77	   0.55	   0.23	   70.56	  
Lesser	  Antilles	  Arc	   47.54	   0.80	   16.68	   8.38	   0.21	   12.17	   10.82	   2.88	   0.37	   0.15	   72.28	  
Lesser	  Antilles	  Arc	   46.75	   1.06	   14.65	   9.54	   0.18	   12.27	   13.07	   1.70	   0.50	   0.28	   69.78	  
Lesser	  Antilles	  Arc	   46.43	   0.81	   16.71	   8.83	   0.17	   12.19	   11.45	   2.61	   0.49	   0.31	   71.25	  
Mexican	  Volcanic	  Belts	   46.86	   1.36	   14.51	   10.23	   0.18	   12.55	   10.55	   2.43	   0.87	   0.45	   68.76	  
Mexican	  Volcanic	  Belts	   46.08	   1.64	   14.71	   10.78	   0.18	   12.80	   9.88	   2.48	   1.04	   0.40	   68.05	  
Mexican	  Volcanic	  Belts	   46.25	   1.61	   13.91	   10.81	   0.18	   13.34	   9.76	   2.66	   1.04	   0.43	   68.89	  
Mexican	  Volcanic	  Belts	   46.41	   1.51	   13.85	   10.43	   0.17	   13.90	   9.95	   2.42	   0.99	   0.35	   70.52	  
Mexican	  Volcanic	  Belts	   45.14	   1.65	   14.29	   10.98	   0.18	   13.94	   9.82	   2.52	   1.03	   0.45	   69.50	  
Mexican	  Volcanic	  Belts	   45.22	   1.79	   13.29	   11.21	   1.19	   13.90	   9.30	   2.57	   1.03	   0.49	   69.00	  
Mexican	  Volcanic	  Belts	   46.83	   1.35	   13.56	   10.32	   0.17	   14.06	   10.45	   2.07	   0.79	   0.40	   70.97	  
Mexican	  Volcanic	  Belts	   45.62	   1.54	   13.93	   10.57	   0.17	   14.07	   10.23	   2.50	   0.99	   0.37	   70.51	  
Mexican	  Volcanic	  Belts	   45.63	   1.52	   14.05	   10.82	   0.18	   14.17	   9.87	   2.38	   0.96	   0.42	   70.16	  
Mexican	  Volcanic	  Belts	   46.28	   1.44	   13.96	   10.87	   0.18	   14.30	   9.53	   2.20	   0.89	   0.35	   70.25	  
Mexican	  Volcanic	  Belts	   46.05	   1.61	   13.49	   10.96	   0.17	   14.21	   9.58	   2.50	   0.98	   0.44	   69.94	  
Mexican	  Volcanic	  Belts	   46.02	   1.43	   14.29	   10.48	   0.17	   14.32	   9.90	   2.10	   0.85	   0.42	   71.02	  
Mexican	  Volcanic	  Belts	   45.30	   1.63	   14.10	   11.09	   0.17	   14.39	   9.64	   2.33	   0.92	   0.43	   69.96	  
Mexican	  Volcanic	  Belts	   46.04	   1.54	   13.41	   10.53	   0.16	   14.56	   10.09	   2.35	   0.97	   0.34	   71.27	  
Mexican	  Volcanic	  Belts	   45.29	   1.53	   14.16	   10.82	   0.18	   14.88	   9.73	   2.15	   0.89	   0.37	   71.15	  
Mexican	  Volcanic	  Belts	   45.29	   1.53	   14.55	   10.82	   0.18	   14.89	   9.41	   2.11	   0.85	   0.37	   71.18	  
Mexican	  Volcanic	  Belts	   44.93	   1.53	   14.16	   10.72	   0.19	   15.17	   9.68	   2.28	   0.93	   0.40	   71.75	  
Mexican	  Volcanic	  Belts	   45.81	   1.39	   13.84	   10.57	   0.17	   15.17	   9.73	   2.09	   0.84	   0.40	   72.04	  
Mexican	  Volcanic	  Belts	   45.33	   1.61	   13.71	   11.11	   0.18	   15.21	   9.62	   2.01	   0.83	   0.39	   71.09	  
Scotia	  Arc	   44.90	   0.75	   11.65	   14.17	   0.19	   19.34	   4.98	   3.70	   0.21	   0.11	   71.01	  
Tonga	  Arc	   41.72	   4.64	   12.87	   10.22	   0.15	   13.82	   10.64	   2.59	   2.37	   0.98	   70.83	  
Vanuatu	  Arc	   49.74	   1.21	   15.70	   10.06	   0.20	   7.39	   11.63	   2.54	   1.23	   0.31	   56.86	  
Vanuatu	  Arc	   49.60	   0.72	   14.12	   9.96	   0.18	   9.73	   11.63	   2.39	   1.41	   0.25	   63.68	  
Vanuatu	  Arc	   47.49	   0.57	   9.89	   10.17	   0.19	   18.01	   10.65	   1.74	   1.08	   0.22	   76.07	  
Vanuatu	  Arc	   47.53	   0.60	   10.68	   10.34	   0.19	   16.93	   10.67	   1.77	   1.08	   0.22	   74.61	  
Vanuatu	  Arc	   47.72	   0.60	   11.16	   10.38	   0.19	   16.28	   10.46	   1.94	   1.07	   0.19	   73.79	  
Vanuatu	  Arc	   47.91	   0.61	   11.33	   10.13	   0.19	   15.91	   10.77	   1.92	   1.03	   0.20	   73.81	  
Vanuatu	  Arc	   48.04	   0.61	   11.32	   10.41	   0.19	   15.39	   10.83	   1.91	   1.08	   0.21	   72.63	  
Vanuatu	  Arc	   48.03	   0.70	   11.96	   10.37	   0.19	   14.68	   10.12	   2.40	   1.31	   0.23	   71.75	  
Vanuatu	  Arc	   47.08	   0.51	   9.36	   10.26	   0.19	   19.25	   10.74	   1.52	   0.91	   0.18	   77.10	  
Vanuatu	  Arc	   48.43	   0.73	   13.20	   10.55	   0.19	   12.18	   10.74	   2.29	   1.42	   0.26	   67.45	  	  
Table F.3. Whole-rock global peridotite compositions used for comparison, downloaded from the GEOROC database. 
 
Arc	  Locality	   Sample	  #	   SiO2	   TiO2	   Al2O3	   FeO*	   MnO	   MgO	   CaO	   Na2O	   K2O	   P2O5	   Mg#	  
Banda	  Arc	   samp.	  9	   44.77	   0.09	   3.18	   7.48	   0.14	   40.16	   3.15	   	   	   	   	  
Banda	  Arc	   samp.	  6	   44.23	   0.08	   2.62	   7.50	   0.13	   42.28	   2.36	   	   	   	   	  
Banda	  Arc	   samp.	  4	   44.85	   0.05	   2.38	   7.68	   0.14	   41.90	   2.25	   	   	   	   	  
Banda	  Arc	   samp.	  10	   45.07	   0.10	   3.22	   7.76	   0.13	   39.93	   3.08	   	   	   	   	  
Banda	  Arc	   samp.	  7	   44.96	   0.09	   3.08	   8.06	   0.15	   40.36	   2.58	   	   	   	   	  
Banda	  Arc	   samp.	  8	   45.21	   0.10	   3.10	   7.57	   0.14	   40.42	   2.78	   	   	   	   	  
Banda	  Arc	   samp.	  1	   45.20	   0.02	   0.86	   7.16	   0.11	   45.89	   0.51	   	   	   	   	  
Banda	  Arc	   samp.	  2	   45.81	   0.02	   0.90	   7.40	   0.14	   44.27	   0.71	   	   	   	   	  
Banda	  Arc	   samp.	  12	   45.94	   0.15	   4.50	   7.10	   0.14	   37.18	   4.21	   	   	   	   	  
Cascades	  Arc	   samp.	  SIM-­‐3	   43.52	   0.01	   1.05	   7.84	   0.12	   46.53	   0.89	   0.04	   	   	   91.36	  
Cascades	  Arc	   samp.	  SIM-­‐9C	   44.20	   0.02	   1.45	   7.67	   0.13	   45.33	   1.10	   0.09	   	   	   91.33	  
Cascades	  Arc	   samp.	  SIM-­‐24	   46.72	   0.01	   1.32	   7.59	   0.13	   43.26	   0.91	   0.06	   	   	   91.04	  
Honshu	  Arc	   samp.	  HK64081205B	   43.08	   0.23	   2.49	   8.70	   0.17	   39.42	   3.63	   0.14	   0.04	   	   	  
Honshu	  Arc	   samp.	  961	   44.45	   0.09	   1.30	   9.69	   0.15	   43.19	   1.06	   0.05	   	   0.01	   88.82	  
Honshu	  Arc	   samp.	  HK63111602A	   43.80	   	   1.02	   7.02	   0.11	   46.75	   	   0.05	   	   	   	  
Honshu	  Arc	   samp.	  3	   44.51	   0.06	   2.97	   6.82	   0.17	   41.03	   2.22	   0.22	   0.05	   0.01	   	  
Honshu	  Arc	   samp.	  6982314	   45.00	   0.56	   2.93	   8.13	   0.16	   33.35	   7.26	   0.18	   	   	   	  
Honshu	  Arc	   samp.	  SANX3	   53.45	   0.76	   17.12	   7.31	   0.15	   7.81	   8.92	   2.88	   1.40	   0.19	   65.57	  
Honshu	  Arc	   samp.	  ICHX5	   55.45	   0.68	   17.86	   7.05	   0.16	   6.26	   8.30	   2.66	   1.42	   0.16	   61.28	  
Honshu	  Arc	   samp.	  13A-­‐2	   41.93	   0.08	   1.66	   11.61	   0.16	   40.57	   1.27	   0.13	   	   	   	  
Honshu	  Arc	   samp.	  DG-­‐09	   42.71	   0.37	   2.10	   12.82	   0.19	   35.76	   2.37	   0.23	   0.06	   	   	  
Honshu	  Arc	   samp.	  10B-­‐13	   42.97	   0.09	   1.82	   8.63	   0.13	   42.06	   2.18	   0.17	   	   	   	  
Honshu	  Arc	   samp.	  DG-­‐06	   44.00	   0.37	   2.54	   8.64	   0.14	   39.82	   1.76	   0.13	   0.06	   0.01	   	  
Honshu	  Arc	   samp.	  13A-­‐18	   44.67	   0.07	   1.53	   7.17	   0.13	   42.84	   2.13	   0.10	   	   	   	  
Honshu	  Arc	   samp.	  DG-­‐19	   48.43	   0.51	   4.04	   10.75	   0.16	   28.89	   4.54	   0.42	   0.10	   	   	  
Honshu	  Arc	   samp.	  DG-­‐15	   48.59	   0.59	   4.78	   10.94	   0.19	   28.04	   3.89	   0.55	   0.14	   0.02	   	  
Honshu	  Arc	   samp.	  2	   40.71	   0.37	   1.73	   11.00	   0.15	   44.51	   0.05	   0.07	   0.02	   0.01	   	  
Honshu	  Arc	   samp.	  K-­‐4-­‐2	   40.86	   0.02	   0.30	   8.23	   0.13	   50.11	   0.33	   	   	   0.01	   91.56	  
Honshu	  Arc	   samp.	  K-­‐4-­‐1	   43.60	   0.02	   1.23	   8.54	   0.14	   45.33	   1.13	   	   	   0.00	   90.44	  
Honshu	  Arc	   samp.	  K-­‐3	   44.53	   0.03	   1.24	   7.90	   0.13	   44.53	   1.62	   	   	   0.01	   90.95	  
Honshu	  Arc	   samp.	  K-­‐6	   44.51	   0.03	   1.82	   9.10	   0.15	   42.49	   1.82	   0.07	   	   	   89.27	  
Honshu	  Arc	   samp.	  K-­‐4	   44.09	   0.03	   1.30	   9.21	   0.15	   43.19	   1.92	   0.09	   	   0.01	   89.32	  
Honshu	  Arc	   samp.	  K-­‐2	   44.81	   0.03	   1.44	   8.32	   0.14	   43.37	   1.88	   	   	   0.01	   90.28	  
Honshu	  Arc	   samp.	  K-­‐1	   45.19	   0.02	   1.65	   8.06	   0.13	   43.13	   1.81	   	   0.01	   0.00	   90.51	  
Honshu	  Arc	   samp.	  K-­‐5	   44.60	   0.04	   1.42	   8.04	   0.13	   44.30	   1.36	   0.03	   0.06	   0.01	   90.75	  
Honshu	  Arc	   samp.	  K-­‐1	   45.38	   0.07	   1.83	   8.90	   0.15	   41.99	   1.61	   0.07	   	   	   89.38	  
Honshu	  Arc	   samp.	  TW-­‐3	   40.91	   0.03	   0.51	   11.16	   0.16	   46.45	   0.77	   	   	   0.01	   88.12	  
Honshu	  Arc	   samp.	  1	   40.70	   0.17	   1.48	   9.24	   0.13	   47.89	   0.07	   0.07	   0.02	   0.01	   	  
Honshu	  Arc	   samp.	  AOYAMAINCL.	   41.04	   	   	   7.08	   0.01	   50.46	   0.12	   	   	   	   	  
Honshu	  Arc	   samp.	  2	   46.96	   2.26	   16.45	   5.97	   0.19	   8.19	   9.87	   3.45	   0.99	   0.56	   	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  75031705	   46.84	   0.05	   2.55	   7.81	   0.12	   40.56	   1.97	   0.07	   0.02	   0.01	   90.25	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  76111309	   46.99	   0.07	   2.52	   7.67	   0.11	   39.78	   2.72	   0.11	   0.02	   0.01	   90.24	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐779A-­‐8R-­‐1	  45-­‐48	   43.59	   	   0.54	   7.92	   0.12	   46.36	   0.62	   0.06	   0.01	   0.01	   91.25	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐780C-­‐8R-­‐1	  98-­‐101	   43.79	   	   0.81	   7.47	   0.11	   46.32	   0.70	   0.11	   0.02	   0.00	   91.70	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐778A-­‐2R-­‐1	  53-­‐56	   44.06	   	   0.49	   7.62	   0.12	   46.17	   0.70	   0.16	   0.01	   0.02	   91.52	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐779A-­‐22R-­‐3	  55-­‐57	   43.46	   	   0.37	   7.74	   0.12	   47.02	   0.52	   0.12	   0.01	   0.01	   91.55	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐784A-­‐45R-­‐1	  130-­‐137	   45.55	   0.04	   1.43	   8.72	   0.12	   42.52	   1.51	   0.08	   0.02	   0.02	   89.68	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐784A-­‐45R-­‐1	  130-­‐137	   45.55	   0.04	   1.43	   8.72	   0.12	   42.52	   1.51	   0.08	   0.02	   0.02	   89.68	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐784A-­‐36R-­‐1	  107-­‐109	   45.63	   0.08	   2.75	   7.86	   0.11	   41.20	   2.19	   0.14	   0.02	   0.01	   90.33	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐784A-­‐42R-­‐1	  7-­‐12	   45.61	   0.10	   3.99	   7.77	   0.12	   38.75	   3.51	   0.12	   0.02	   0.01	   89.88	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐779A-­‐14R-­‐2	  139-­‐141	   43.17	   	   0.52	   8.42	   0.13	   46.09	   0.78	   0.28	   0.02	   	   90.70	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐784A-­‐42R-­‐1	  5-­‐8	   42.16	   0.02	   0.30	   7.92	   0.20	   47.40	   1.18	   0.03	   	   	   91.43	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐784A-­‐42R-­‐1	  7-­‐12	   45.61	   0.10	   3.99	   7.77	   0.12	   38.75	   3.51	   0.12	   0.02	   0.01	   89.88	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐779A-­‐16R-­‐2	  74-­‐77	   44.15	   	   0.78	   8.06	   0.13	   45.13	   0.91	   0.09	   0.01	   	   90.89	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐784A-­‐38R-­‐2	  92-­‐95	   44.49	   	   0.77	   7.55	   0.11	   45.61	   0.55	   0.12	   0.03	   0.01	   91.50	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐778A-­‐2R-­‐1	  53-­‐56	   43.66	   	   0.66	   8.06	   0.13	   45.73	   0.87	   0.14	   0.02	   0.00	   91.00	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐780C-­‐18R-­‐1	  58-­‐61	   46.05	   	   0.33	   6.90	   0.12	   43.22	   2.38	   0.14	   0.03	   0.04	   91.78	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐783A-­‐16RCC	  14-­‐17	   40.65	   	   0.12	   7.52	   0.10	   50.45	   0.30	   0.05	   0.02	   0.01	   92.28	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐778A-­‐3R-­‐CC	  1-­‐7	   45.51	   0.05	   2.41	   8.14	   0.12	   41.65	   2.06	   0.04	   0.02	   0.01	   90.12	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐778A-­‐12R-­‐2	  43-­‐45	   46.45	   0.05	   2.30	   7.69	   0.11	   41.67	   1.60	   0.09	   0.02	   0.01	   90.61	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐779A-­‐17R-­‐2	  14-­‐17	   45.28	   	   0.94	   7.34	   0.12	   44.62	   0.78	   0.14	   0.04	   0.01	   91.55	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐779A-­‐17R-­‐2	  14-­‐17	   45.28	   	   0.94	   7.34	   0.12	   44.62	   0.78	   0.14	   0.04	   0.01	   91.55	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐779A-­‐19R-­‐2	  97-­‐99	   44.44	   	   0.62	   7.60	   0.12	   45.73	   0.66	   0.06	   0.01	   0.01	   91.47	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐780C-­‐18R-­‐1	  54-­‐57	   43.99	   	   0.71	   7.84	   0.12	   45.69	   0.77	   0.10	   0.03	   0.01	   91.22	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐779A-­‐22R-­‐1	  63-­‐65	   44.36	   	   0.82	   8.05	   0.12	   44.92	   0.94	   0.03	   0.02	   0.00	   90.87	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐783A-­‐16RCC	  19-­‐22	   44.71	   	   0.87	   8.11	   0.13	   44.28	   1.07	   0.10	   0.01	   0.01	   90.69	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐779A-­‐13R-­‐2	  52-­‐54	   44.40	   	   0.86	   8.00	   0.12	   44.75	   1.08	   0.02	   0.02	   0.00	   90.88	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐780C-­‐16R-­‐1	  53-­‐59	   42.72	   	   0.37	   8.05	   0.13	   47.05	   0.48	   0.25	   0.03	   0.01	   91.24	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐778A-­‐7R-­‐CC	  7-­‐13	   42.22	   	   0.19	   7.60	   0.12	   48.80	   0.14	   0.07	   0.02	   0.02	   91.97	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐779A-­‐14R-­‐1	  74-­‐77	   43.82	   	   0.48	   7.63	   0.12	   46.71	   0.29	   0.04	   0.02	   0.01	   91.61	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐779A-­‐10R-­‐1	  40-­‐43	   43.63	   	   0.66	   7.57	   0.11	   46.50	   0.70	   0.08	   0.02	   0.01	   91.63	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐780C-­‐6R-­‐1	  61-­‐62	   46.59	   	   1.05	   7.81	   0.11	   42.87	   0.73	   0.09	   0.03	   0.01	   90.73	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐784A-­‐45R-­‐1	  98-­‐100	   42.55	   	   0.42	   7.93	   0.14	   47.60	   0.27	   0.28	   0.02	   0.01	   91.45	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐784A-­‐45R-­‐2	  41-­‐44	   42.67	   	   0.34	   7.80	   0.12	   47.93	   0.37	   0.10	   0.01	   	   91.64	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐779A-­‐6R-­‐1	  18-­‐20	   42.70	   	   0.19	   7.91	   0.11	   48.00	   0.41	   0.10	   0.02	   0.01	   91.54	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐783A-­‐18R-­‐1	  49-­‐51	   40.59	   	   0.12	   8.48	   0.12	   49.79	   0.21	   0.11	   0.01	   0.01	   91.28	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐779A-­‐26R-­‐3	  50-­‐52	   45.08	   0.08	   2.80	   7.76	   0.12	   41.32	   2.65	   0.17	   0.02	   0.00	   90.47	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐779A-­‐16R-­‐1	  19-­‐23	   45.26	   0.05	   2.38	   7.55	   0.11	   41.40	   3.06	   0.16	   0.02	   0.01	   90.72	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐784A-­‐36R-­‐1	  107-­‐109	   45.63	   0.08	   2.75	   7.86	   0.11	   41.20	   2.19	   0.14	   0.02	   0.01	   90.33	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐779A-­‐14R-­‐2	  40-­‐48	   45.96	   0.10	   3.12	   7.57	   0.12	   40.17	   2.73	   0.21	   0.01	   0.01	   90.44	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐779A-­‐26R-­‐2	  18-­‐25	   46.27	   0.07	   2.70	   7.80	   0.12	   40.17	   2.71	   0.12	   0.02	   0.01	   90.17	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐779A-­‐8R-­‐1	  90-­‐93	   44.82	   	   0.89	   7.93	   0.12	   44.38	   1.08	   0.05	   0.01	   0.01	   90.89	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐779A-­‐22R-­‐2	  18-­‐20	   44.80	   	   0.80	   7.69	   0.12	   44.84	   0.85	   0.13	   0.03	   0.01	   91.23	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐778A-­‐12R-­‐2	  73-­‐75	   44.63	   	   0.74	   7.47	   0.12	   45.47	   0.83	   0.05	   0.03	   0.00	   91.56	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐780C-­‐10R-­‐1	  13-­‐16	   43.94	   	   0.65	   7.88	   0.12	   45.75	   0.67	   0.05	   0.02	   0.01	   91.19	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐780C-­‐6R-­‐1	  61-­‐62	   46.59	   	   1.05	   7.81	   0.11	   42.87	   0.73	   0.09	   0.03	   0.01	   90.73	  
Izu-­‐Bonin-­‐Mariana	  Arc	   samp.	  125-­‐780C-­‐18R-­‐1	  58-­‐61	   46.05	   	   0.33	   6.90	   0.12	   43.22	   2.38	   0.14	   0.03	   0.04	   91.78	  
Kamchatka	  Arc	   samp.	  AVX-­‐61	   44.76	   0.02	   0.79	   7.95	   0.13	   45.00	   0.52	   	   	   0.02	   90.99	  
Kamchatka	  Arc	   samp.	  AVX-­‐49	   44.22	   0.02	   0.46	   7.97	   0.13	   45.61	   0.73	   	   	   0.01	   91.08	  
Kamchatka	  Arc	   samp.	  AV-­‐14	   44.71	   0.01	   0.85	   7.95	   0.13	   44.63	   0.84	   0.03	   	   0.00	   90.92	  
Kamchatka	  Arc	   samp.	  AV-­‐8	   44.88	   0.01	   0.78	   7.74	   0.13	   44.53	   0.91	   0.03	   	   0.00	   91.11	  
Kamchatka	  Arc	   samp.	  AV-­‐4	   45.42	   0.01	   0.75	   8.10	   0.13	   43.89	   0.90	   0.00	   	   0.00	   90.62	  
Kamchatka	  Arc	   samp.	  AV-­‐15	   44.28	   0.01	   0.63	   7.99	   0.13	   44.89	   1.28	   0.01	   	   0.00	   90.92	  
Kamchatka	  Arc	   samp.	  AVX-­‐60	   43.42	   0.01	   0.46	   8.71	   0.14	   46.04	   0.69	   	   	   0.01	   90.40	  
Kamchatka	  Arc	   samp.	  AVX-­‐33	   43.29	   0.02	   0.53	   8.10	   0.13	   46.60	   0.61	   	   	   0.01	   91.11	  
Kamchatka	  Arc	   samp.	  AV-­‐5	   44.97	   0.01	   0.63	   8.03	   0.13	   44.62	   0.86	   0.02	   	   0.00	   90.83	  
Kamchatka	  Arc	   samp.	  AVX-­‐45	   41.95	   0.01	   0.32	   8.42	   0.13	   47.72	   0.63	   	   	   	   91.00	  
Kamchatka	  Arc	   samp.	  AV-­‐10	   44.45	   0.01	   0.62	   7.96	   0.13	   45.22	   0.87	   0.01	   	   0.00	   91.01	  
Kamchatka	  Arc	   samp.	  AV-­‐1	   43.86	   0.01	   0.50	   8.17	   0.13	   45.89	   0.71	   0.01	   	   0.00	   90.92	  
Kamchatka	  Arc	   samp.	  AV-­‐2	   44.14	   0.01	   0.55	   8.13	   0.13	   45.39	   0.89	   0.01	   	   0.00	   90.87	  
Kamchatka	  Arc	   samp.	  AV-­‐1	   43.91	   0.01	   0.50	   8.16	   0.14	   45.83	   0.71	   0.02	   	   0.00	   90.92	  
Kamchatka	  Arc	   samp.	  AV-­‐13	   43.85	   0.01	   0.53	   8.12	   0.13	   45.91	   0.64	   0.03	   	   0.00	   90.97	  
Kamchatka	  Arc	   samp.	  AV-­‐3	   43.85	   0.01	   0.41	   8.26	   0.13	   45.79	   0.83	   0.01	   	   0.00	   90.81	  
Kamchatka	  Arc	   samp.	  AV-­‐11	   43.69	   0.01	   0.44	   8.14	   0.13	   46.25	   0.53	   0.01	   	   0.00	   91.02	  
Kamchatka	  Arc	   samp.	  AV-­‐6	   43.72	   0.01	   0.48	   8.25	   0.13	   46.02	   0.60	   0.03	   	   0.00	   90.86	  
Kamchatka	  Arc	   samp.	  AV-­‐12	   43.56	   0.01	   0.62	   8.23	   0.13	   46.11	   0.55	   0.01	   	   0.00	   90.90	  
Kamchatka	  Arc	   samp.	  AV-­‐9	   43.46	   0.01	   0.50	   8.22	   0.13	   46.31	   0.58	   0.01	   	   0.00	   90.94	  
Kamchatka	  Arc	   samp.	  AV-­‐7	   43.65	   0.01	   0.42	   8.27	   0.13	   46.30	   0.54	   0.00	   	   0.00	   90.89	  
Kamchatka	  Arc	   samp.	  AV-­‐17	   43.72	   0.01	   0.50	   7.85	   0.12	   46.64	   0.55	   0.00	   	   0.00	   91.38	  
Kamchatka	  Arc	   samp.	  AV-­‐16	   44.00	   0.01	   0.52	   7.55	   0.13	   46.23	   0.73	   0.01	   	   0.00	   91.60	  
Kamchatka	  Arc	   samp.	  200	   42.67	   0.01	   0.57	   8.37	   0.12	   47.66	   0.60	   	   	   	   91.04	  
Kamchatka	  Arc	   samp.	  729	   43.47	   	   0.51	   8.64	   0.13	   46.61	   0.59	   0.04	   	   	   90.58	  
Kamchatka	  Arc	   samp.	  106	   43.80	   	   0.51	   8.38	   0.13	   46.62	   0.56	   	   	   	   90.84	  
Kamchatka	  Arc	   samp.	  F1	   43.45	   	   0.70	   8.31	   0.12	   46.78	   0.64	   	   	   	   90.93	  
Kamchatka	  Arc	   samp.	  213	   44.48	   	   0.44	   8.71	   0.13	   45.52	   0.71	   	   	   	   90.30	  
Kamchatka	  Arc	   samp.	  AVX-­‐33	   43.43	   	   0.66	   8.38	   0.12	   46.68	   0.73	   	   	   	   90.85	  
Kamchatka	  Arc	   samp.	  SHX-­‐03-­‐21	   45.69	   0.09	   1.43	   9.49	   0.17	   37.28	   4.99	   0.17	   0.02	   0.03	   87.50	  
Kamchatka	  Arc	   samp.	  SHX-­‐98-­‐02	   42.35	   0.07	   1.76	   9.87	   0.24	   42.59	   1.47	   0.29	   0.29	   0.03	   88.49	  
Kamchatka	  Arc	   samp.	  SHX-­‐98-­‐07	   41.89	   0.03	   0.85	   7.67	   0.15	   47.58	   0.19	   0.18	   0.15	   0.03	   91.71	  
Kamchatka	  Arc	   samp.	  SHX-­‐03-­‐24	   43.00	   0.02	   0.39	   8.85	   0.17	   46.55	   0.17	   0.12	   0.04	   0.02	   90.36	  
Kamchatka	  Arc	   samp.	  SHX-­‐98-­‐PT	   43.21	   0.02	   0.59	   7.11	   0.20	   48.01	   0.05	   0.11	   0.03	   0.03	   92.33	  
Kamchatka	  Arc	   samp.	  SHX-­‐03-­‐17	   42.04	   0.01	   0.75	   8.13	   0.19	   46.66	   0.11	   0.13	   0.19	   0.03	   91.10	  
Kamchatka	  Arc	   samp.	  SHX-­‐03-­‐01	   47.20	   0.06	   1.26	   6.27	   0.14	   43.70	   0.32	   0.22	   0.30	   0.03	   92.55	  
Kamchatka	  Arc	   samp.	  SHX-­‐03-­‐12	   44.06	   0.03	   0.60	   6.72	   0.16	   46.76	   0.06	   0.12	   0.07	   0.02	   92.54	  
Kamchatka	  Arc	   samp.	  SHX-­‐03-­‐26	   42.67	   0.03	   0.50	   7.50	   0.10	   47.53	   0.06	   0.11	   0.04	   0.03	   91.87	  
Kamchatka	  Arc	   samp.	  SHX-­‐03-­‐02	   45.07	   0.05	   1.09	   8.72	   0.14	   42.35	   1.15	   0.25	   0.07	   0.03	   89.64	  
Kamchatka	  Arc	   samp.	  SHX-­‐98-­‐05	   45.02	   0.03	   1.03	   7.96	   0.17	   43.62	   0.10	   0.13	   0.18	   0.02	   90.71	  
Kamchatka	  Arc	   samp.	  SHX-­‐03-­‐04	   40.53	   0.01	   0.43	   9.46	   0.18	   47.73	   0.02	   0.11	   0.02	   0.02	   89.99	  
Kamchatka	  Arc	   samp.	  SHX-­‐98-­‐06	   43.42	   0.02	   0.35	   6.86	   0.12	   47.84	   0.04	   0.10	   0.02	   0.03	   92.56	  
Kamchatka	  Arc	   samp.	  SHX-­‐03-­‐07	   44.92	   0.08	   1.09	   8.79	   0.15	   40.80	   2.91	   0.22	   0.09	   0.02	   89.22	  
Kamchatka	  Arc	   samp.	  SHX-­‐03-­‐03	   44.69	   0.01	   0.56	   7.59	   0.14	   44.66	   1.06	   0.14	   0.05	   0.02	   91.30	  
Kamchatka	  Arc	   samp.	  SHX-­‐03-­‐20	   41.80	   0.01	   0.18	   6.25	   0.12	   50.28	   0.02	   0.11	   	   0.02	   93.48	  
Kamchatka	  Arc	   samp.	  SHX-­‐03-­‐10	   42.16	   0.05	   0.89	   11.27	   0.25	   42.41	   1.49	   0.21	   0.04	   0.02	   87.03	  
Kamchatka	  Arc	   samp.	  SHX-­‐98-­‐18	   42.80	   0.02	   0.72	   9.42	   0.19	   44.55	   0.84	   0.16	   0.07	   0.03	   89.40	  
Kamchatka	  Arc	   samp.	  SHX-­‐98-­‐01	   42.02	   0.01	   0.36	   8.39	   0.15	   47.51	   0.36	   0.11	   0.01	   0.01	   90.98	  
Kamchatka	  Arc	   samp.	  SHX-­‐03-­‐08	   43.49	   0.01	   0.33	   8.20	   0.15	   46.57	   0.03	   0.12	   0.04	   0.03	   91.01	  
Kamchatka	  Arc	   samp.	  SHX-­‐98-­‐16	   43.23	   0.01	   0.23	   7.70	   0.15	   47.17	   0.03	   0.11	   0.04	   0.02	   91.61	  
Kamchatka	  Arc	   samp.	  5702	  	  49	   44.59	   	   1.75	   4.59	   0.16	   48.11	   0.46	   0.11	   0.23	   	   94.92	  
Kamchatka	  Arc	   samp.	  2	   43.05	   0.03	   0.81	   8.58	   0.17	   46.61	   0.40	   0.23	   0.11	   	   90.64	  
Kamchatka	  Arc	   samp.	  1	   44.42	   0.06	   1.74	   7.01	   0.16	   45.67	   0.65	   0.14	   0.14	   0.01	   92.08	  
Kurile	  Arc	   samp.	  B15-­‐305	  	  316	   41.67	   0.09	   1.40	   8.65	   0.19	   40.82	   3.33	   0.77	   0.02	   0.01	   	  
Kurile	  Arc	   samp.	  B15-­‐305	  	  44	   42.11	   0.21	   2.50	   8.63	   0.23	   36.53	   4.60	   1.15	   0.13	   0.03	   	  
Kurile	  Arc	   samp.	  B15-­‐305	  	  36	   42.67	   0.11	   1.71	   7.20	   0.27	   38.64	   1.71	   1.76	   0.06	   0.05	   	  
Kurile	  Arc	   samp.	  B15-­‐305	  	  34	   44.63	   0.10	   2.41	   6.50	   0.18	   37.92	   2.52	   1.56	   0.01	   0.02	   	  
Kurile	  Arc	   samp.	  B11-­‐528	   44.85	   0.06	   2.31	   7.40	   0.13	   41.79	   2.03	   0.63	   0.15	   0.06	   	  
Kurile	  Arc	   samp.	  62127	   43.21	   0.01	   0.76	   6.72	   0.29	   45.96	   0.96	   0.17	   0.24	   0.04	   	  
Luzon	  Arc	   samp.	  B101	   42.54	   0.01	   1.20	   7.89	   0.16	   47.94	   0.20	   0.03	   0.02	   0.01	   91.55	  
Luzon	  Arc	   samp.	  B102	   45.18	   0.03	   0.91	   7.85	   0.11	   44.47	   1.37	   0.03	   0.01	   0.04	   90.99	  
Luzon	  Arc	   samp.	  B100	   45.61	   0.07	   1.27	   8.19	   0.14	   43.73	   0.86	   0.07	   0.02	   0.02	   90.49	  
Luzon	  Arc	   samp.	  B7A	   46.20	   0.03	   1.93	   7.80	   0.15	   41.95	   1.63	   0.15	   0.16	   0.01	   90.56	  
Luzon	  Arc	   samp.	  B3F	   45.72	   0.02	   1.81	   8.23	   0.14	   43.83	   0.19	   0.02	   0.02	   0.02	   90.47	  
South	  Sandwich	  Arc	   samp.	  DR.110.2	   44.47	   0.08	   1.80	   8.19	   0.13	   42.49	   2.81	   0.02	   	   	   90.24	  
South	  Sandwich	  Arc	   samp.	  DR.110.3	   44.92	   0.11	   3.48	   8.42	   0.14	   39.89	   2.88	   0.12	   0.04	   	   89.42	  
South	  Sandwich	  Arc	   samp.	  DR.110.4	   45.26	   0.07	   1.98	   8.16	   0.13	   42.45	   1.82	   0.11	   0.01	   	   90.26	  
South	  Sandwich	  Arc	   samp.	  DR.110.1	   46.01	   0.24	   3.75	   8.30	   0.15	   36.86	   4.48	   0.13	   0.08	   	   88.79	  
South	  Sandwich	  Arc	   samp.	  DR.52.5	   43.19	   	   0.19	   9.54	   0.08	   46.44	   0.17	   0.37	   0.02	   	   89.66	  
South	  Sandwich	  Arc	   samp.	  DR.52.11	   44.10	   0.02	   0.89	   8.52	   0.11	   41.73	   4.51	   0.08	   0.03	   	   89.72	  
South	  Sandwich	  Arc	   samp.	  DR.52.6	   44.40	   0.05	   0.16	   9.64	   0.10	   44.91	   0.08	   0.62	   0.03	   	   89.25	  
South	  Sandwich	  Arc	   samp.	  DR.52.12	   45.88	   0.01	   0.78	   9.10	   0.08	   42.95	   1.06	   0.14	   	   	   89.37	  
South	  Sandwich	  Arc	   samp.	  DR.53.3	   46.77	   	   0.12	   9.34	   0.13	   42.76	   0.50	   0.34	   0.03	   	   89.08	  
South	  Sandwich	  Arc	   samp.	  DR.53.2	   47.53	   	   0.13	   9.43	   0.07	   42.19	   0.33	   0.28	   0.04	   	   88.85	  
TLTF	  Arc	   samp.	  54GTVA2G	   38.31	   	   2.36	   8.78	   0.13	   50.02	   0.39	   	   	   0.01	   91.04	  
TLTF	  Arc	   samp.	  54GTVA2J	   38.31	   	   2.36	   8.78	   0.13	   50.02	   0.39	   	   	   0.01	   91.04	  
TLTF	  Arc	   samp.	  54GTVA2J	   38.67	   0.02	   1.70	   10.01	   0.16	   47.29	   2.10	   0.04	   	   	   89.39	  
TLTF	  Arc	   samp.	  56GTVA	  2F	   38.67	   0.02	   1.70	   10.01	   0.16	   47.29	   2.10	   0.04	   	   	   89.39	  
TLTF	  Arc	   samp.	  56GTVA	  2G	   39.62	   0.02	   1.50	   10.83	   0.17	   46.14	   1.59	   0.06	   0.05	   	   88.36	  
TLTF	  Arc	   samp.	  56GTVA	  2X	   41.67	   0.03	   2.36	   6.95	   0.11	   45.98	   2.31	   0.20	   0.39	   	   92.18	  
TLTF	  Arc	   samp.	  56GTVA	  2P	   41.42	   	   2.40	   7.96	   0.13	   47.22	   0.79	   0.03	   0.05	   	   91.36	  
TLTF	  Arc	   samp.	  55GTVA	  2A	   42.16	   	   2.11	   8.26	   0.13	   46.58	   0.75	   	   	   0.01	   90.96	  
TLTF	  Arc	   samp.	  55GTVA	  2H	   43.21	   	   1.22	   8.31	   0.13	   46.36	   0.73	   0.03	   	   0.01	   90.87	  
TLTF	  Arc	   samp.	  67-­‐1B136090	   43.84	   0.01	   0.55	   8.83	   0.15	   45.47	   0.92	   0.20	   0.02	   	   90.17	  
TLTF	  Arc	   samp.	  67-­‐1F136065	   44.05	   0.01	   0.53	   8.61	   0.15	   45.64	   0.70	   0.29	   0.02	   	   90.43	  
TLTF	  Arc	   samp.	  67-­‐1F136065	   44.58	   0.01	   0.53	   8.62	   0.14	   45.03	   0.74	   0.33	   0.02	   	   90.30	  
TLTF	  Arc	   samp.	  67DR-­‐1C136063	   44.37	   	   0.67	   8.14	   0.14	   45.56	   1.01	   0.06	   0.03	   0.02	   90.90	  
TLTF	  Arc	   samp.	  67DR-­‐1136061	   46.35	   	   0.92	   7.73	   0.14	   43.75	   1.08	   0.01	   0.02	   	   90.98	  
Vanuatu	  Arc	   samp.	  31561	   42.86	   0.01	   0.24	   10.18	   0.19	   43.96	   2.55	   	   	   	   88.50	  
Vanuatu	  Arc	   samp.	  31564B	   44.75	   0.01	   0.33	   8.07	   0.15	   45.65	   1.03	   0.01	   	   	   90.98	  
Vanuatu	  Arc	   samp.	  31564A	   47.60	   0.02	   0.55	   7.97	   0.13	   42.76	   0.96	   	   	   	   90.54	  
Vanuatu	  Arc	   samp.	  31564C	   53.83	   0.04	   0.70	   6.52	   0.13	   37.56	   1.22	   	   	   	   91.13	  	  	  
	  
